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A human B lymphocyte-specific antigen (Bl) was iden- 
tified and characterized by the use of a monoclonal an- 
tibody. By indirect immunofluorescence, cytotoxicity, 
and quantitative absorption, Bl was present on approx- 
imately 9% of the peripheral blood mononuclear cell 
fraction and >95% of B cells from blood and lymphoid 
organs in all individuals tested. Monocytes, resting and 
activated T cells, null cells, and tumors of T cell and 
myeloid origin were Bl negative. Bl was distinct from 
standard B cell phenotypic markers, including Ig and la 
antigen. Removal of the Bl positive population in pe- 
ripheral blood eliminated all B cells capable of respond- 
ing to pokeweed mitogen by maturation to Ig-producing 
cells. 



Human B lymphocytes possess a distinct cell surface pheno- 
type that distinguishes them from other lymphoid cell popula- 
tions. These markers include integral membrane immunoglob- 
ulin (Ig) (1), receptors for C3 and the Fc portion of IgG (2, 3), 
and the presence of antigens encoded by the HL-A-D locus, the 
so-called DR antigens (4-8). The latter appear to be biochem- 
ically and functionally analogous to murine 1-E/C region (la) 
antigens (9, 10). 

However, because many of these phenotypic markers are not 
restricted in their expression to B cells, their utility in cell 
enumeration and fractionation is somewhat limited. Distinction 
between B cells and monocytes presents particular difficulties, 
since the latter also bear Fc and C3 receptors (11) and la 
antigen (12, 13), and may bind Ig via their Fc receptors, pro- 
ducing false Ig positivity (14). In addition, Fc receptors may be 
present on a subset of T cells (15), and T cells have been shown 
to express Fc receptors (16) and la antigens (17, 18) subsequent 

A phenotypic marker with representation limited to B lym- 
phocytes would therefore be extremely useful in the enumera- 
tion, fractionation, and analysis of function of the B cell popu- 
lation. Heteroantisera with B cell specificity have previously 
been described, produced by cross-species immunization and 
extensive absorption with non-B cell lines and tumors. Some of 
these antisera appear to define B cell-specific alloantigens (19- 
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23), although many have been found to be principally directed 
against HL-A-D locus antigens (m.w. 29,000 and 34,000) (5-8, 
12), and are thus also present on monocytes and other cell types 
(24). 

In the present investigation, a monoclonal antibody specific 
for human B cells is described and characterized. This antibody 
was found to define an antigen (Bl) present on approximately 
9% of peripheral blood mononuclear cells (PBM)^ and >95% of 
peripheral blood B cells from all individuals tested. Bl was 
found to be unrelated to known phenotypic markers of B cells, 
including Ig and known la antigens. Functional studies dem- 
onstrated that removal of the Bl -positive population from 
peripheral blood by cell sorting or complement-(C) mediated 
lysis, eliminated the cell population that is induced to differ- 
entiate into Ig-secreting plasma cells in a pokeweed mitogen- 
(PWM) driven system. 

MATERIALS AND METHODS 

Immunization and somatic cell hybridization. A 6-week-old 
female BALB/c mouse (Jackson Laboratories, Bar Harbor, 
ME) was immunized i.p. with 5 X 10'* cryopreserved Burkitt's 
lymphoma tumor cells in phosphate-buffered saline (PBS). 
Twenty-eight days later, the mouse was boosted with 5 X 10" 
tumor cells i.v., and somatic cell hybridization was carried out 
4 days later by the method of Kohler and Milstein (25), with 
modifications (26). Mouse splenocytes (1.5 X 10*) were fused in 
30% polyethylene glycol (PEG) and Dulbecco's MEM with 2 
X 10' P3/NSl/l-Ag4-l myeloma cells (kindly provided by Dr. 
R. Kennett, University of Pennsylvania, Philadelphia, PA). 

Selection and growth of hybridomas. After fusion, cells were 
cultiu-ed in HAT medium (hypoxanthine, aminopterin, and 
thymidine) at 37°C in a 5% CO2 humid atmosphere (27). Four- 
teen to 28 days later, 100 jul of supernatant from cultures 
exhibiting cell growth were tested for the presence of hybridoma 
antibodies reactive with the immunizing Burkitt's tumor cell by 
indirect immunofluorescence as previously described (28). In 
brief, 10" cells were incubated with culture supematants at 4°C 
for 20 min, washed twice with medium, and stained with a 
fluoresceinated goat anti-mouse IgG (G/M FITC) (Meloy Lab- 
oratories, Springfield, VA) for 20 min on ice. After an additional 
2 washes, fluorescent antibody-coated cells were analyzed on a 
fluorescence-activated cell sorter (FACS-I) (Becton Dickinson, 
Mountain View, CA), or a cytofluorograf FC200/4800A (Ortho 

' Abbreviations used in this paper: CLL; chronic lymphatic leukemia; 
D-PDL, diffuse, poorly-differentiated lymphoma; E-I-, sheep erythro- 
cyte positive; FACS, fluorescence-activated cell sorter; G/M FITC, 
fluorescein-conjugated goat anti-mouse IgG; PBM, peripheral blood 
mononuclear cells; PEG, polyethylene glycol; PWM, pokeweed mito- 
gen; RIA, radioimmunoassay; sIg-H, siuface Ig positive; TCM, tissue 
culture medium; DMSO, dimethyl sulfoxide; HEPES, iV-2-hydroxy- 
ethylpiperazine-JV'-2-ethanesulfonic acid. 
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Instruments, Westwood, MA). Hybridoma cultures containing 
antibodies reactive with the immunizing tumor were selected 
and cloned by the limiting dilution method in the presence of 
feeder cells (29) . Recloned hybridomas were subsequently main- 
tained by injection of 1 X 10* cells i.p. into BALB/c mice primed 
with pristane (Aldrich Chemical Co., Milwaukee, WI). Mono- 
clonal antibody-containing ascites were used in all subsequent 
experiments. 

Isolation of lymphocyte populations. Human PBM were 
isolated from healthy volunteer donors by Ficoll-Hypaque den- 
sity gradient centrifugation (Pharmacia Fine Chemicals, Pis- 
cataway, NJ) (30). Unfractionated mononuclear cells were sep- 
arated into surface Ig-positive (slg-H) (B) and sig- (T plus null) 
populations by Sephadex G-200 anti-F(ab')2 chromatography 
(31), with modifications designed to minimize monocyte reten- 
tion by the column. In brief, purified rabbit anti-human F(ab')2 
was pepsin-digested and chromatographed on Sephadex G-150 
to remove undigested material. The F(ab')2 anti-human F(ab')2 
fragments were then coupled to CNBr-activated Sephadex G- 
200. PBM were preincubated at 37°C for 1 hr to remove 
cytophUically-bound serum IgG (32), and cells were then ap- 
plied to the anti-F(ab')2 column and fractionated as outlined 
previously (31). The sig-t- (B) population was obtained from the 
Sephadex G-200 column by competitive elation with normal 
human y-globulin. B cell preparations were routinely >90% 
sIg-t-, <5% E-I-, and contained approximately 5% monocytes as 
judged by morphology, latex ingestion, and reactivity with the 
monocj^te-specific monoclonal antibody OKMl (33). T cells 
were recovered by E resetting the sIg- population with 5% 
sheep erj^hrocytes (Microbiological Associates, Bethesda, 
MD). The rosetted mixture was layered over Ficoll-Hypaque, 
and the recovered E-t- pellet was treated with 0.155 M NH4CI 
to lyse erythrocytes. The T cell population obtained was <2% 
sig-l- by methods previously described (34). Normal human 
monocytes were obtained by adherence to plastic culture dishes 
as previously described (28). For determination of the reactivity 
of anti-Bl, 1 X 10" of each cell population was subjected to 
indirect immunofluorescence analysis as described above. 

In experiments designed to separate B1+ and Bl— ceUs, 100 
X 10** unfractionated PBM were labeled with 4 ml of a 1/100 
dilution of anti-Bl and developed with G/M FITC. Cells were 
then separated on a FACS-I into BI+ (8.3% of PBM) and Bl- 
populations. All fractions were washed 3 times and placed into 
culture for functional studies. 

Normal human tissue. After appropriate Human Protection 
Committee validation and informed consent, human specimens 
were obtained during surgery. Nucleated bone marrow ceUs 
were recovered by Ficoll-Hypaque centrifugation. Tonsil cells 
were obtained at the time of routine tonsillectomy. Lymph node 
tissue was taken for diagnostic biopsy, and was considered 
normal based on histology and cell surface markers. Sptenocytes 
were obtained at the time of traumatic rupture. Normal human 
thymocytes were obtained from patients who had portions of 
their thymuses removed during corrective cardiac surgery. All 
tissue specimens were immediately placed in media containing 
5% fetal calf serum (PCS), finely minced with forceps and 
scissors, and made into single-cell suspensions by extrusion 
through stainless steel mesh. Cell samples were cryopreserved 
and thawed as needed. 

Cell lines and leukemia and lymphoma tumor cells. Epstein- 
Barr virus- (EBV) transformed B lymphoblastoid lines (SB, 
Laz 007, 234, 296, 388, and 444), T ceU lymphoblastoid lines 
(CCRF-CEM and HSB-2), NuU cell leukemia line Laz 221, and 
Burkitt's lines Daudi, Ramos, and Raji were kindly provided 



by Dr. Herbert Lazarus (Sidney Farber Cancer Institute, Bos- 
ton, MA). Tumor cells were obtained from 19 patients with 
acute and chronic leukemias, and 12 patients with various forms 
of non-Hodgkin's lymphomas. In all instances, the tumor pop- 
ulations utilized contained more than 90% blasts by Wright- 
Giemsa morphology. B cell lineage was established by the 
presence of a) monoclonal sIg, as determined by indirect im- 
munofluorescence utilizing an anti-X or anti-K hybridoma anti- 
body (kindly donated by Dr. V. Raso, Sidney Farber Cancer 
Institute, manuscript in preparation); b) Fc and/or C3 receptors 
(2, 3); c) la antigen, by reactivity with a heterologous anti- 
p23,30 antiserum (8), or a monoclonal antibody of broad speci- 
ficity directed against an la framework determinant designated 
1-2 (L. Nadler, manuscript in preparation). 1-2 has been shown 
to react with B cells, adherent monocytes, and Con A-activated 
T cells (but not resting T cells) from 20/20 randomly selected 
normal individuals. In addition, 1-2 reacts with homozygous 
typing cells encompassing all DR specificities (DRl-DRll) 
(cells kindly provided by Dr. Edmund Yunis, Division of Im- 
munogenetics, SFCI). Biochemical studies (performed by Dr. 
John Pesando, SFCI) have demonstrated that 1-2 precipitates 
a bimolecular complex of m.w. 29,000 and 34,000. T cell tumors 
were identified by spontaneous E rosette formation (>20%) and 
reactivity with the specific T cell antibody 0KT3 (35). A total 
of 18 B cell tumors, including 6 chronic lymphatic leukemias 
(CLL), 8 diffuse, poorly differentiated lymphomas (D-PDL), 
and 4 nodular lymphomas were assessed for presence of Bl 
antigen. T cell tumors included 2 CLLs, 4 acute lymphoblastic 
leukemias, and 1 D-PDL. All tumor cells were cryopreserved in 
-196°C vapor phase nitrogen in 10% DMSO and 20% human 
serum until the time of surface characterization. 

C-mediated lysis. C-mediated lysis was assessed as previously 
described (33). In brief, 5 X 10* target cells were treated with 
0.2 ml ^^Cr sodium chromate (292 /iCi/ml) (New England Nu- 
clear, Boston, MA) and incubated for 90 min at 37°C. After 2 
washes, the cells were diluted to 2 X lOVml in media containing 
10% PCS. Twenty microliters of labeled cells were distributed 
in conical microliter plate wells with 20 /il of 10-fold serial 
dilutions of hybridoma antibody. After a 1-hr incubation at 
4°C, 20 (ul fresh rabbit serum (1:5 dilution), previously absorbed 
with Vio vol of normal human splenocytes (1 hr, 4°C), were 
added to the wells as a source of C. After an additional 1-hr 
incubation at 37°C, 140 /il of media were added to the wells, 
and the plates were spun at 400 X G for 10 min. One hundred 
microliters of supernatant were removed from each well and 
counted on a gamma scintillation counter (Packard Instrumen- 
tation Co., Downer's Grove, IL). Specific ^'Cr release was cal- 
culated by using the following formula: 

% Specific '"Cr release = ^^ZgR ^ "^'^^ 

where Exp = mean of the observed triphcate, SR = spontaneous 
release from cells incubated with C alone, and MR = maximum 
release obtained by treating cells with the detergent Triton X 
(1% solution). 

Lysis of larger numbers of cells for subsequent PWM acti- 
vation experiments was done by resuspending 10 X 10" mono- 
nuclear cells in 1 ml of anti-Bl antibody at a 1/100 dilution. 
After 1-hr incubation at 4°C, 0.25 ml fresh rabbit serum ab- 
sorbed as above was added, and the cells were incubated at 
37°C for an additional 60 min. Cells were then washed 3 times, 
resuspended in final culture medium (RPMI 1640 containing 
20% PCS, 12.5 mM HEPES buffer, 4 mM L-glutamine, and 25 
jUg/ml gentamycin), and placed into culture. 
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Antibody absorption and blocking experiments. One hun- 
dred microliters of anti-Bl antibody at a 1/1000 dilution were 
absorbed with 10* viable cells from various cell populations 
including the immunizing Burkitt's tumor cells, E-l- (T) cells, 
slg+ (B) cells, monocytes, thymocytes, and the cell lines CEM 
(T) and SB (B). After 1-hr incubation on ice with agiUtion, 
absorbing cells were removed by centrifugation for 15 min at 
400 X G, and the supernatant was harvested. Residual antibody 
activity was assessed by indirect immunofluorescence on a Bl- 
positive B cell CLL target cell by methods outlined above. 
Forty thousand cells were analyzed on the FACS-I. The number 
of positive cells were enumerated by subtraction of cells staining 
in the presence of an unreactive monoclonal antibody, and 
compared with the number staining with unabsorbed anti-Bl 
antibody. Results were expressed as a percentage inhibition vs 
the control. 

Competitive blocking experiments were conducted in order 
to exclude anti-Bl reactivity with an immunoglobulin deter- 
minant. One hundred microliters of anti-Bl at a dilution of 1/ 
1000 were incubated for 1 hr at 4°C with 100 /il of a 1/2 dilution 
of pooled normal human serum, or 100 fil containing 500 fig of 
IgM or IgG myeloma protein (Cappel Laboratories, Cochran- 
ville, PA), or containing 500 jug of IgD myeloma (kindly pro- 
vided by Dr. Chester Alpert, Blood Grouping Laboratory, Har- 
vard Medical School, Boston, MA). The specificity of the 
myeloma protein preparations was confirmed by the selective 
blocking of heavy-chain specific goat anti-human Ig antisera 
(anti-IgM, -IgG, and -IgD) (Meloy). After incubation, 100 /d of 
the mixture were used for indirect immunofluorescence on a 
Bl -positive target cell as outlined above. 

Po.ssibie anti-Bl reactivity with C3 receptors was examined 
by attempts to inhibit EAC rosette formation with anti-Bl 
antibody. B cells (lOVml), purified by anti-Fab chromatogra- 
phy, were preincubated with anti-Bl (1/100 to 1/10,000) or an 
unreactive control ascites for 30 min at 20°C. One hundred 
microhters of B cells were then reacted with 100 fil of 0.5% EAC 
1, 4, 2, 3 (Cordis Laboratories, Miami, FL) for 15 min at 37°C, 
and centrifuged at 200 x G for 10 min. The cell pellet was 
resuspended and 50 nl of 0.1% methylene blue were added to 
facilitate visualization of nucleated cells. 

Fc receptor reactivity was assessed by the blocking of binding 
of anti-Bl to normal B cells or the immunizing Burkitt's tumor 
cells pretreated with heat-aggregated human IgG (see Refer- 
ence 43). B cells were either untreated or incubated with 
aggregated IgG (10 mg/ml) for 1 hr at 20°C, washed twice, and 
reacted with anti-Bl at dilutions of 1/100 to 1/10,000 for indirect 
immunofluorescence. The number of cells staining positively in 
the presence and absence of aggregated IgG were enumerated 
on the FACS-1. 

Cell cultures. Cells obtained after C-mediated lysis of the Bl 
population or after cell sorting were washed 3 times in tissue 
culture medium (TCM) and brought to lOVml. One hundred 
microliters of cells were plated in round-bottom 96-well plates 
(Linbro Scientific, Hamden, CT), and 100 /d of TCM or TCM 
containing 50 /ig/ml PWM (Difco Laboratories, Detroit, MI) 
were added to each well. Populations obtained by cell sorting 
also received 20% E+ (T) cells to facilitate B cell activation by 
PWM (36, 37). Plates were cultured in 95% au-/5% CO2 humid 
atmosphere, and cells and supematants were luirvested after 7 
days for analysis of differentiation to Ig-secreting cells. 

For detection of la antigen expression by activated T cells, 
lO'' E-H cells were placed in microculture for 7 days in the 
presence of 6 fig/ml concanavalin A (Con A; Calbiochem, La 
JoDa, CA). Activated T cells, along with unstimulated control 
cultures and cryopreserved T cells, were harvested and pre- 



pared for immunofluorescent analysis as outlined above. 

Reverse hemolytic plaque assay. Ig-secreting cells were enu- 
merated by reverse hemolj^ic plaque assay as previously de- 
scribed (38). In brief, 50 /j1 of an 11% suspension of sheep 
erythrocytes, coated with a polyspecific rabbit anti-human Ig, 
together with 50 fil of lymphocytes, were pipetted into 10 x 75- 
mm glass tubes containing 0.9 ml of an 0.8% solution of Sea- 
Plaque agarose (Marine Colloids, Rockland, ME), in Hanks' 
balanced salt solution (HBSS, Grand Island Biological Co., 
Grand Island, NY). Tubes were vortexed and layered over 5 ml 
of gelled 1.0% SeaKem agarose (Marine CoUoids) in HBSS in 
a 60-mm Petri dish. Dishes were incubated for 1 hr at 37°C in 
a humid atmosphere containing 5% CO2. One milliliter of rabbit 
anti-human Ig antiserum diluted 1/100 in HBSS was pipetted 
onto the dishes, incubated for 1 hr at 37°C, and 1 ml of guinea 
pig C (GIBCO) diluted 1/10 was added. Incubation was contin- 
ued for an additional hour and the plaques were enumerated 
under a dissecting microscope. 

Radioimmunoassay for Ig. The production of Ig by PWM- 
stimulated, fractionated cells was assessed in a soUd-phase 
radioimmunoassay (39). Polyvinyl chloride microtiter plates 
(Cooke Engineering, Alexandria, VA) were coated with 100 fil 
of a 1/300 dilution of affinity-purified, polyvalent goat anti- 
human F(ab')2 antibody in PBS for 2 hr at 4°C. ' Plates were 
blocked with 200 /il of 1% bovine serum albumin (BSA) in PBS 
for 1 hr at room temperature, and washed 3 times with PBS. 
Twenty-five microliters of culture medium containing various 
known amounts of human Ig (standards) or 25 fil of culture 
supernatant were added to each well, followed by 25 jul of '^''I- 
labeled human 7S Ig (MDes-Pentex, Kankakee, IL) containing 
approximately 8000 cpm. All culture supematants or standards 
were tested in triplicate. Plates were gently agitated, covered, 
and incubated for 16 hr at 4°C. The contents of each well were 
then aspirated, the plates were washed 5 times in PBS, air- 
dried, and the wells were excised and counted in a gamma 
counter (Packard). 

Results were calculated by reference to a standard curve 
generated at the time of each assay. Inhibition was found to be 
linear over a range of from 3 ng to 200 ng human Ig/25 jul. 

RESULTS 

Distribution of Bl antigen on normal tissues. For somatic 
cell hybridizations, BALB/c mice were immunized with tumor 
cells obtained fi-om a patient with Burkitt's lymphoma. These 
cells were of B lymphocyte origin as shown by their surface 
phenotype: IgMx-l-, la-l-, Fc+, C3+, E-, 0KT3- (anti-T ceU) 
(35), and OKMl- (anti-monocyte) (33). 

A monoclonal antibody generated from this fusion, and des- 
ignated anti-Bl, was found, in preliminary screening on the 
FACS, to react strongly with the immunizing tumor (Fig. lA), 
and was also present on 9.1 ± 2.0% of the Ficoll-Hypaque 
fraction of PBM fi-om 13 normal individuals (range: 5.5 to 
11.5%). In order to determine the population of cells in normal 
peripheral blood that bore Bl antigen, mononuclear cells from 
7 individuals were separated into T, B, null, and monocyte 
firactions, stained with anti-Bl and G/M FITC, and analyzed 
on the FACS. A representative experiment is depicted in Figure 
1. As shown, Bl antigen expression was limited to B cells (Fig. 
IB), but was absent from T cells (Fig. IC), monocytes (Fig. ID), 
and nuU cells (not shown, but comparable to Fig. ID). Staining 
intensity was constant at dilutions of anti-Bl ranging up to 1/ 
2000, diminishing to background levels at 1/50,000. 

A quantitative examination of peripheral blood B cells indi- 
cated that the number of Ig-positive cells in a B cell preparation 
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Figure 1. Reactivity of anti-Bl monoclonal antibody on separated peripheral blood mononuclear cells by indirect immunofluorescence: FACS 
profile. Broken line, control ascites, solid line, anti-Bl. A, immunizing Burkitt's lymphoma; B, B cells; C, T cells; and D, monocytes. 

was identical with the number of cells staining with anti-Bl. In 
this experiment, cytophilic serum IgG was first removed 
from anti-F(ab')2 immunoadsorbent-purified B cells by a 1-hr 
incubation of cells at 37°C (32). B cells were then stained with 
Bl, or a mixed monoclonal anti-K/anti-A reagent and G/M 
FITC, and the number of fluorescent cells was quantitated on 
the FACS. Approximately 35,000/40,000 cells stained with anti- 
k/\, whereas 34,800/40,000 stained with anti-Bl, thus indicating 
that virtually all B ceils in peripheral blood are Bl positive. 

A number of normal tissues were also tested for the presence 
of Bl-positive cells. As shown in Figure 2, Bl was found on 
lymphocytes from tonsil (64%, n = 3), lymph node (36%, n = 5), 
spleen (35%, n = 3), and a smaU population of normal bone 
marrow cells (<5%, n = 3), but was undetectable on thymocytes 
(n = 3). The intensity of staining with anti-Bl on these other 
lymphoid tissues was of approximately the same magnitude as 
found on peripheral blood B lymphocytes. 

Reactivity of anti-Bl on cell lines and tumors. The reactivity 
of anti-Bl was examined on a number of cell lines. All B cell 
lines (6/6) tested were positive for Bl, as were 3/3 Burkitt's 
lines. Two T cell lines and a line derived from "null" cell ALL 
(Laz 221) were Bl negative. 

Anti-Bl was also tested on a series of circulating tumor cells 
of lymphoid origin. All B cell tumors tested (18/18) were found 
to be positive for Bl, whereas T cell (0/7) and myeloid tumors 
(0/2) were Bl negative. Bl thus appears to be limited in 
expression to malignancies of B cell derivation, and taken 
together with findings on normal tissues and cell lines, these 
data strongly suggest that Bl defines an antigen present only 
on B cells. 

Cytotoxicity and absorption studies. C-mediated cytotoxicity 
and quantitative absorption studies were subsequently under- 
taken to determine if the specificity of anti-Bl was identical to 
that found by indirect immunofluorescence. As shown in Table 
I, Bl was lytic for peripheral blood B cells, but not T cells or 
monocytes, at dilutions of 1/100 to 1/10,000. Approximately 
95% specific lysis was produced on the B cell population, which 
routinely contained some (5%) contamination by monocytes. 
Similarly, the B cell lines Laz 156 and Daudi were significantly 
lysed by exposure to anti-Bl and C at dilutions comparable to 
those effective on normal cells, whereas no lysis was produced 
on the T cell lines HSB2 and CEM. 

A quantitative absorption experiment was also carried out. 
Anti-Bl at a dilution of 1/1000 was absorbed with a variety of 
cells of lymphoid origin, at a final concentration of 10" cells/ml 
antibody. Antibody activity remaining after absorption was 
assessed by binding to a B cell CLL target cell that had 




Figure 2. Reactivity of anti-Bl with normal lymphoid tissues. Bro- 
ken line, control ascites; solid line, anti-Bl. A, tonsil; B, lymph node; 
C, bone marrow; and D, thymus. 

previously been found to bear Bl. As shown in Table 11, Bl 
activity was significantly removed (>93%) only by B cells, the 
immunizing tumor, and a B cell line (SB), but not by normal T 
ceDs, thymocytes, a T cell line (CEM), or by monocytes (<15%). 
The small diminution of Bl activity by absorption with the 
latter cells most probably reflects nonspecific adsorption of 
antibody, since a similar decrease in activity (approximately 
10%) was noted after absorption with mouse spleen cells. 

Relationship of Bl to known B cell markers. Blocking ex- 
periments were conducted in order to explore the possibility 
that Bl was an Ig determinant. Anti-Bl antibody at a limiting 
dilution of 1/2000 was preincubated with an equal volume of 
pooled human serum (10%) or with several human myeloma 
protein-rich preparations (5 mg/ml). These mixtures were then 
added to the appropriate Bl-positive target cells (2 Bl positive 
lymphomas), and the intensity of staining was compared with 
staining produced by anti-Bl in the absence of inhibitor. Mye- 
lomas tested included those of the IgG, IgM, and IgD isotypes. 
Results 'are expressed as percent inhibition of cells staining 
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TABLE I 

Cytotoxicity ofanti B! on cell lines and fractionated lymphocytes 

% '"Cr Release at Anti-Bl Dilution: 
Target CeU 





10-' 




10"' 


10" 


Laz 156 


61.4 ± 3.0 


56.0 ± 5.4 


54.4 ± 7.2 


12.7 ± 5.9 




68,5 ± 7.2 


65.4 ± 2.3 


62.4 ± 5.7 


34,7 ± 3.0 


HSB2 


1.3 ± 1.7 


0 


0.8 ± 1.5 


0.9 ± 2.6 


CEM 


1.0 ± 7.4 


2.4 ± 7.4 


0 


0 


Normal B cells 


92.2 ± 4.7 


99.5 ± 4.2 


98.1 ± 4.2 


13.7 ± 3.8 


T cells 


0 


0 


5.1 ± 6.1 


0 


Monocytes 


5.9 ± 0.9 


4.5 ± 0.5 


5.7 ± 1.2 


2.9 ± 2.1 



TABLE II 

Quantitative absorption of Anti-Bl antibody 

Antibody Treatment % Absorption" 

T cells 14.7 

B cells 94.5 

Monocytes 12.6 

CEM 13.8 

SB 95.5 

Thymus 10.2 

Immunizing Burkitt's lymphoma 93.9 

" % Absorption 

No. of cells staining above bkgd, absorbed antibody 
No. of cells staining above bkgd, unabsorbed antibody 

TABLE III 

Failure to block Bl reactivity with myeloma proteins or serum 
immunoglobulin 

% Inhibition Produced by Preincubation with; 
Antibody Pooled 



IgD" 



Bl 

Expt. 1' 12.3 18.6 0 0 
Expt. 2- 5.4 2.0 9.1 9.0 
Anti-IgM* nd-* 98.7 0 nd 
Anti-IgG' 81.9 0 54.5 nd 
Anti-IgD' nd 5il 0 81.0 



" Final concentration: 2.5 mg/ral. 

* Tested on immunizing Burkitt's lymphoma. 

' Tested on B cell D-PDL. 

'' Not determined. 

' Tested on tonsU. 

above background in the presence vs absence of inhibitor. The 
data, presented in Table III, demonstrate that, in several ex- 
periments, no Ig-containing serum was capable of significantly 
inhibiting Bl reactivity. In control experiments, the reactivity 
of the anti-IgM, anti-IgG, and anti-IgD antisera were reduced 
to background levels by the corresponding myeloma-rich serum 
or by pooled normal human serum (Table III). Anti-IgG and 
anti-IgD reagents were tested on normal tonsillar lymphocytes 
and anti-IgM was assessed on the immunizing tumor. 

Further confirmation that Bl was not an Ig determinant was 
demonstrated by passage of Bl antibody at a 1/2000 dilution 
over a human 7S y-globulin-Sepharose immunoabsorbent col- 
umn. No decrease in titer was noted by indirect immunofluo- 
rescence analysis (data not shown). Furthermore, several B 
cell-derived malignancies that possessed various combinations 
of monoclonal surface Ig, including those bearing IgMic, IgGs, 
IgMA, and IgGA, were all positive for Bl, suggesting that Bl 
does not recognize an isotype-specific determinant. 



[VOL. 125 

The possibility that Bl represents a DR-locus specificity was 
also considered. Screening studies outlined above showed that 
adherence-purified monocytes, which are overwhelmingly la-l- 
in human blood (13), were completely Bl negative (Fig. 1, 
Tables I and II), while at the same time reacting strongly with 
a monoclonal anti-la (p29,34) antibody. In addition, indirect 
immunofluorescent staining of B cells with saturating concen- 
trations (1/100) of anti-Bl and anti-la, alone and in combina- 
tion, always produced additive staining intensity (data not 
shown). At minimum this result indicates that anti-Bl and anti- 
la define different antigenic determinants. However, since T 
cells have also been shown to express la antigen subsequent to 
activation by antigen or mitogens (17, 18), experiments were 
also conducted to examine a possible relationship between la 
and Bl at the T cell level. E-rosette-purified T cells from 5 
normal individuals were cultured with and without Con A for 
7 days. They were then tested by indirect immunofluorescence 
on the FACS for the appearance of la and/or Bl antigen. As 
shown in Figure 3, T cells cultured in the presence of media 
alone were negative for both la and Bl (Fig. 3.4). As anticipated, 
when T cells were exposed to Con A, approximately 25% devel- 
oped la positivity, indicating their activated state (Fig. 3B). 
However, under these conditions, Bl antigen remained unex- 
pressed (Fig. 3C). This experiment therefore provides an addi- 
tional example of dissociation of la and Bl antigen. 

Several tumors were also identified that bore large amounts 
of la antigen but were completely Bl negative. These included 
2/2 patients with acute myelogenous leukemia and 3/4 patients 
with non-T non-B (Null cell) acute lymphatic leukemia. Thus, 
although B 1 may represent an la antigen that is specific for B 
cells, it is clearly not present on the same molecule as detected 
by an anti-la antibody directed against an la framework deter- 
minant. 

Finally, studies were conducted in order to demonstrate 
possible 03 or Fc receptor reactivity with anti-Bl. Pretreatment 
of B cells with varying dilutions of anti-Bl failed to inhibit EAC 
rosette formation compared with B cells pretreated with an 
unreactive control ascites (54% EAC and 51%. EAC, respec- 
tively). Similarly, attempts were made to block anti-Bl reactiv- 
ity by pretreatment of normal B or the immunizing tumor cells 
with heat-aggregated human IgG. No diminution in the number 
of cells staining positively with anti-Bl was noted upon FACS 
analysis compared with B cells not exposed to aggregated IgG 
(31,300/40,000 vs 30,700/40,000 cells stained). 

Determination of the proportion of B cells bearing Bl: 
functional studies. Previous studies have indicated that PWM 
polyclonally induces the differentiation of B lymphocytes into 
Ig-secreting plasma cells (40). In order to determine whether 
all B cells capable of stimulation by PWM also bear Bl, PBM 




Fluorescence Intensity 



Figure 3. Lack of expression of Bl on activated T cells. Broken line, 
control ascites. A, T cells cultured with media; solid line, anti-la. B, T 
cells cultured with Con A (5 /xg/ml); solid line, anti-la. C, T cells 
cultured with Con A; solid line, anti-Bl. 
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were stained with Bl by indirect immunofluorescence and 
separated into Bl -positive and Bl -negative fractions by cell 
sorting. Sorted cells, along with the original, untreated popu- 
lation and a control population, which was stained with anti-Bl 
and G/M FITC but not sorted, were cultured with and without 
PWM. Reanalysis of the Bl-negative population on the FACS 
confirmed that all cells staining with Bl or anti-K/A had been 
removed. Because peripheral blood B cell activation by PWM 
requires T cells (37, 40), 20% E-rosette positive cells were added 
to all cultures. At the end of 7 days, Ig production was evaluated 
in a radioimmunoassay (RIA) specific for human Ig. The results, 
summarized in Table IV, show that Ig was secreted only by 
unfractionated PBM and by the Bl-positive lymphocyte frac- 
tion, but not by Bl negative cells, T cells, or monocytes. Ig 
production in all cases was dependent upon the presence of 
PWM in the cultures. It was observed that Bl-positive cells, 
which comprised 8% of the unfractionated sample, did not 
produce proportionately greater amounts of Ig compared with 
the untreated control. This finding may be the result of inhi- 
bition of the response by treatment of the cells with Bl and G/ 
M FITC, since PBM that were stained but not sorted produced 
a lower response than untreated PBM (220 ng/culture vs 950 
ng/culture). Two additional experiments produced identical 
results. 

In another approach, unfractionated PBM were treated with 
anti-Bl and C to determine if any B cells lacked Bl antigen 
and could therefore escape lysis and go on to differentiate into 
Ig-secreting cells after PWM stimulation. Control populations 
were untreated, treated with C alone, or exposed to an unreac- 
tive hybridoma antibody and C. A positive control was provided 
by treatment with the anti-la monoclonal antibody and C. All 
populations were then cultured for 7 days in the presence or 
absence of PWM. The generation of Ig-secreting cells was 
assessed both by direct enumeration in a reverse hemolytic 
plaque assay, and by analysis of culture supernatants by RIA. 
Three such experiments were carried out and a representative 
result is presented in Table V. As shown, a significant reverse 
plaque-forming cell (PFC) response was produced by PWM- 
stimulated untreated and control populations, all of which gave 
approximately 5000 PFC/10" cultured cells. In contrast, both 

TABLE IV 

Pokeweed mitogen activation of B1+ and Bl— PBM separated by 
cell sorting 



PBL" (not s 


orted) 


2.1 ± 1 


950 ± 30 


PEL" + ant: 


i-Bl (not sorted) 


0 


220 ± 20 


Bl-t-" 




0 


750 ± 150 


B1-" 




0 


0 


T cells 




0 


10± 15 


Monocytes 




0 


1 ± 15 



" Twenty percent T cells added. 




TABLE V 

Pokeweed mitogen- activation of anti-Bl-treated PBM 


Cell Treatment 


PFC/IO" Cultured Cells 


nglg/Culture 


-PWM +PWM 


-PWM +PWM 


C control 

Normal ascites -1- C 
Anti-Bl C 
Anti-la -t- C 


120 ± 0 5920 ± 800 
220 ± 120 4620 ± 460 
140 ± 110 4850 ± 71 
90 ± 42 40 ± 28 
30 ± 42 30 ± 14 


23 ± 5 510 ± 55 
15 ± 1 430 ± 113 
19 ± 7 680 ± 98 
5±1 0 
0 0 



anti-Bl and anti-la treatment totally abrogated the PWM- 
induced PFC response. Very few PFC were generated in the 
absence of PWM. Parallel results were obtained when super- 
natants from these cultures were tested for Ig content by RIA 
(Table V); once again, both anti-Bl and anti-la treated cells 
failed to produce Ig. 

Thus, based on the ability to eliminate totally Ig secretion 
and reverse PFC, it appears that Bl defines the overwhelming 
proportion of B lymphocytes capable of PWM-induced differ- 
entiation to Ig-secreting cells. 



In the present investigation, we describe a unique human 
antigen limited in expression to cells of the B lymphocyte 
compartment. Antigen Bl, defined by the use of a monoclonal 
antibody, was found on approximately 9% of the PBM fraction, 
>95% of B cells from blood and lymphoid organs, and all tumors 
and cell lines of B cell lineage. Monocytes, resting and activated 
T cells, null cells, and tumors of T cell and myeloid derivation 
were uniformly Bl negative. Bl appeared to be distinct from 
known phenotypic markers of B cells, including surface Ig and 
known la-like antigens. Of importance, functional studies dem- 
onstrated that all cells in human peripheral blood, which can 
be triggered by PWM to differentiate into Ig-secreting cells, 
bear Bl antigen. 

PWM has been widely employed as a polyclonal B cell 
activator, which induces the terminal differentiation of B cells 
to Ig-secreting plasma cells (40). Elimination of the B1+ pop- 
ulation with anti-Bl and C or by cell sorting abrogated PWM- 
stimulated Ig secretion, as determined both by a RIA and a 
reverse hemolytic plaque technique for detecting individual Ig- 
secreting cells. Both methods employed a polyvalent anti-Ig 
antiserum that detects all human Ig isotypes. Taken together 
with the results from immunofluorescence and cytotoxicity 
studies that >95% of Ig+ cells are also B1+, it would seem that 
few Bl-B cells could be present. Nevertheless, it remains 
possible that a small B cell subpopulation, which is both Bl- 
and unstimulatable by PWM, does exist in human peripheral 
blood. B cell heterogeneity has been observed in the mouse 
with respect to PWM activation (40), although the behavior of 
human B cells in this regard is presently unclear. In addition, 
PWM-induced differentiative responses in human peripheral 
blood are highly T cell dependent (37, 40), more specifically 
helper cell dependent (41), and failure of activation may reflect 
suboptimal T helper influence rather than an inherent func- 
tional property of a B cell subpopulation. At the present time 
we feel that the weight of evidence from both functional and 
reactivity studies supports the interpretation that most, if not 
all normal, resting B cells bear Bl antigen. 

For the purpose of B cell enumeration Bl possesses the 
advantage of defining a non-Ig determinant, thus circumventing 
technical problems related to the binding of serum IgG to 
cellular Fc receptors (14). Our finding that 9.1% of the periph- 
eral blood mononuclear fraction reacts with anti-Bl is in close 
agreement with values obtained for integral membrane Ig-t- 
cells obtained after temperature (32) or pH-induced (42) dis- 
sociation of cytophilicaUy-bound IgG (8.9% and 9.7%, respec- 
tively), or as detected by pepsin-digested anti-Ig reagents (6.3%) 
(14). Bl should therefore prove to be extremely useful in the 
isolation and functional analysis of pure B cell populations, as 
well as in the identification and enumeration of B cells in 
congenital and acquired inmiunodeficiency disorders, and in 
malignancies of B cell derivation. 

Bl appears to be distinct fi-om classical B cell phenotypic 
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markers, particularly la antigen and Ig determinants. Antisera 
with B cell specificity have been previously described, which 
are in fact directed against la-like antigens encoded by the HL- 
A-D locus (5-8). Such antigens are present on numerous other 
cell types, including nonlymphoid cells (24), in addition to B 
lymphocytes. In the present studies, Bl reactivity failed to 
coincide with that of anti-la, in the lack of Bl expression on 
monocytes and activated T cells (Fig. 1; Tables I and 11), and 
in the identification of a number of tumors that were Ia+, Bl— . 
Bl reactivity could not be inhibited by a variety of human Ig- 
containing preparations (Table III). Finally, attempts to dem- 
onstrate possible Fc or C3 receptor reactivity of anti-Bl were 
unsuccessful. No inhibition of Bl reactivity was produced by 
pretreatraent of B cells with aggregated human IgG, nor were 
the number of EAC rosettes in a B cell population reduced by 
pretreatment of cells with a range of dilutions of anti-Bl. 

Other B cell-specific antigens have been described, which 
appear, like Bl, to be distinct from Ig and la-like antigens on 
the basis of tissue distribution and/or m.w. (19-23). These 
include heteroantisera-defined antigens that apparently iden- 
tify B cell subpopulations (23, 44), as well as antigens with 
broad B cell representation (20, 22). Further studies are cur- 
rently in progress in our laboratory to determine the molecular 
characteristics of Bl, its functional relevance, and its possible 
relationship to other previously described antigens. 
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Abstract A monoclonal antibody (anti-Bl) spe- 
cific for a unique B cell surface differentiation antigen 
was used to characterize the malignant cells from pa- 
tients with leukemias or lymphomas. All tumor cells 
from patients with lymphomas or chronic lymphocytic 
leukemias, bearing either monoclonal k or X light chain, 
expressed the Bl antigen. In contrast, tumor cells from 
T cell leukemias and lymphomas or acute myeloblastic 
leukemias were unreactive. Approximately 50% of 
acute lymphoblastic leukemias (ALL) of non-T origin 
and 50% of chronic myelocytic leukemia in blast crisis 
were also anti-Bl reactive. Moreover, 21 of 28 patients 
with the common ALL antigen (CALLA) positive form 
of ALL were anti-Bl positive, whereas 0 of 13 patients 
with CALLA negative ALL were reactive. 

These observations demonstrate that an antigen 
present on normal B cells is expressed on the vast 
majority of B cell lymphomas and on ~75% of CALLA 
positive ALL, suggesting that these tumors may share 
a common B cell lineage. 

INTRODUCTION 

Leukemias and lymphomas, which were not previously 
distinguishable by either morphologic or histochemical 
criteria, can now be subdivided into clinically and 
pathologically distinct subgroups by use of a number of 
cell surface markers expressed on normal lymphocytes 
(1-3). For example, both normal and malignant B cells 
are defined by their expression of cell surface im- 
munoglobulin (4, 5). Other markers of the B cell mem- 
brane, including receptors for the Fc portion of human 
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immunoglobulin (6), receptors for components of the 
complement system (7), and HLA-D-related la-like 
antigens (8, 9) are less useful because they are not re- 
stricted to cells of B lineage and are also found on 
normal and malignant monocytes (10-12). In addition, 
Fc receptor-bound immunoglobin may give spuri- 
ously positive results for cell surface immunoglobulin 
(13). Although T cells have been shown to be reactive 
with anti-T cell antisera (14, 15), or to form erythro- 
cyte rosettes with sheep erythrocytes (16), they, too, 
may express Fc or C3 receptors or la-like antigens 
(17-19). Finally, Null cells, which lack the conven- 
tional markers of T and B cells (20), also have been 
shown to express C3, Fc, or la-like antigens (21-23). 
Given the extent of overlap of many of these cell sur- 
face markers, considerable attention has been directed 
at defining unique cell surface antigens present on nor- 
mal T, B, and Null cells, which can then be used to 
identify and classify leukemias and lymphomas. 

In a recent study (24), we described the development 
and characterization of a monoclonal antibody (anti- 
Bl) that is reactive with a differentiation antigen ex- 
pressed on all human B cells and on those cells des- 
tined to differentiate into immunoglobulin-secreting 
cells under poke weed mitogen stimulation. The Bl 
antigen has been shown to be distinct from other known 
phenotypic markers of B cells, including surface im- 
munoglobulin, Fc and C3 receptors, and la-Iike anti- 
gens. More importantly, anti-Bl was unreactive with 
normal T lymphocytes. Null cells, and granulocytes. 
In the present study, we have used anti-BI to charac- 
terize a large number of malignancies thought to be of 
T, B, monocyte, myeloid, and Null cell origin. These 
studies demonstrate that anti-BI reacts only with those 
B cell lymphomas that express either monoclonal k 
or X light chain. Of considerable interest is the demon- 
stration that tumor cells from the majority of patients 
with the common acute lymphoblastic leukemia anti- 
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gen (CALLA)' positive non-T cell form of acute 
lymphoblastic leukemia (ALL) and chronic myelocytic 
leukemia (CML) in blast crisis were also reactive with 
anti-Bl antibody. This study supports the notion that 
most B cell lymphomas and many CALLA+ ALL share 
a common B cell lineage. 

METHODS 

Patients and sample preparations. All patients in this 
study were evaluated at the Sidney Farber Cancer Institute, 
the Children's Hospital Medical Center, Peter Bent Brigham 
Hospital, Beth Israel Hospital, or the Massachusetts General 
Hospital. The diagnosis of lymphoma or leukemia was made 
using standard clinical, morphologic, and cytochemical cri- 
teria (25-27). Heparinized peripheral blood or bone marrow 
was collected from leukemic patients or from patients with 
circulating lymphomas (lymphosarcoma cell leukemias) 
before the administration of chemotherapeutic agents or blood 
products. Lymphocytes were separated from these specimens 
by Ficoll-Hypaque density gradient centrifugation, as previ- 
ously described (28). Tumor masses and lymphoid tissue from 
patients with lymphomas were gently teased, minced into sin- 
gle cell suspensions, and passed through stainless steel mesh 
wire filters. Tumor cells were readily distinguishable from nor- 
mal lymphocytes by Wright-Giemsa morphology, and all neo- 
plastic preparations selected for this study had >75% abnor- 
mal cells. Isolated tumor cells were studied either fresh or 
cryopreserved in 10% dimethyl sulfoxide and 20% fetal calf 
serum at - 196°C in the vapor phase of liquid nitrogen until 
the time of surface characterization. 

Preparation of normal lymphocyte subpopulations. Hu- 
man peripheral blood mononuclear cells were isolated 
from normal volunteer adult donors by Ficoll-Hypaque den- 
sity gradient centrifugation. Normal lymphoid tissues from 
tonsil, lymph node, spleen, and thymus were prepared as de- 
scribed above. Unfractionated cells were then separated into 
B cell (surface immunoglobulin [sig] positive), T cell (sheep 
erythrocyte rosette [E] positive), monocyte (adherent), and 
Null cell (slg^, E~) by standard techniques (29). In particu- 
lar, the B cell preparations were routinely >90% slg+ and 
<5% E+, nonreactive with anti-T cell antibodies, and -5% 
monocytes as judged by morphology, latex ingestion, and 
reactivity with the monocyte-reactive monoclonal antibody 
(Ml) (30). The T cell populations obtained were <2% 
slg+ and >95% E+, uniformly reactive with anti-T cell anti- 
bodies, and entirely negative with Ml. Normal monocytes 
were obtained by adherence to plastic dishes as previously 
described (30), and were 95% M1+, but did not form erythro- 
cyte rosettes, react with anti-T cell antisera, or express sIg. 
Null cells were sIg", E", and T cell antisera negative. 

Cell surface markers. The cellular lineage of tumor cells 
was determined by a number of cell surface markers. The 
definition of T cell lineage was established by reactivity with 
a T cell-specific heteroantiserum (14) and monoclonal anti- 
bodies (15), and by reactivity with sheep erythrocytes as 
previously described (16). All the T cell leukemias and lym- 
phomas were >75% reactive with the T cell-specific mono- 



' Abbreviations used in this paper: ALL, acute lymphoblas- 
tic leukemia; CALLA, common acute lymphoblastic leukemia 
antigen; CLL, chronic lymphocytic leukemia; CML, chronic 
myelocytic leukemia; E, sheep erythrocyte rosette; G/M 
FITC, fluorescein-conjugated goat anti-mouse IgG; sIg, sur- 
face immunoglobulin. 



clonal antibodies and heteroantiserum, and these tumor cells 
were uniformly >20% erythrocyte rosette reactive (31, 32). 

The B cell derivation of the tumor cell was demonstrated 
by the expression of either monoclonal k or X light chains on 
the tumor cell surface. Monoclonal antibodies specific for k or 
X light chain were used in all studies (provided by Dr. Vic- 
tor Raso, Sidney Farber Cancer Institute, Boston, Mass.). In 
addition, a monoclonal antibody specific for the framework of 
the human HLA-D-related la-like antigen was used to analyze 
all normal and malignant cells for reactivity. The la-like anti- 
gens are gene products of the HLA-D region, which are 
present on the surface of normal peripheral blood B cells, a 
fraction of Null cells, monocytes, and activated T cells, but not 
on resting T cells (33). These la-like antigens have not been 
detected on the vast majority of T cell leukemias and lympho- 
mas, but are expressed on most hematopoietic non-T cell 
malignancies. The anti-la antibody used in this study appears 
to be identical to the previously described heteroantiserum 
(19) and monoclonal antibodies (33), which identified a 
common framework expressed on all la-like antigens. 

The non-T cell leukemias were characterized using a mono- 
clonal antibody (J-5) (34), which has been shown to have the 
specificity of a previously described rabbit anti-CALLA 
antisera prepared in this laboratory (35). 

The preparation and characterization of the anti-B 1 antibody 
was the subject of a previous report (24). In brief, anti-Bl was 
developed by somatic cell hybridization, was cloned by limit- 
ing dilution, and has been passaged in ascites form in BALB/c 
mice for over 1 yr. Ascites form anti-Bl was used for all ex- 
periments. This antibody has been shown to be of the IgG2 
subclass and can induce lysis of reactive cells with rabbit com- 
plement at dilutions up to 1:50,000. By indirect immuno- 
fluorescence, cytotoxicity, and quantitative absorption, the 
Bl antigen was present on >95% of B cells from blood and 
lymphoid organs in all individuals tested. Monocytes, resting 
and activated T cells. Null cells, myeloid cells, and T cell 
lines were Bl antigen negative. The Bl antigen was shown to 
be distinct from human immunoglobulin isotypes, la-like anti- 
gens, Fc receptor of immunoglobulin, and the C3 receptor. 
Functional studies demonstrated that removal of the Bl anti- 
gen positive population from peripheral blood by cell sorting 
or complement-mediated lysis eliminated the cell population 
that is induced to differentiate into immunoglobul in-secret- 
ing plasma cells by pokeweed mitogen. 

Indirect immunofluorescence analysis of normal and 
malignant cells with monoclonal antibodies. Normal or 
malignant cells were used fresh or thawed and washed exten- 
sively at the time of study; their viability exceeded 85% in 
all cases. In brief, 1-2 x 10« cells were treated with either 0.1 
ml of a 1:500 dilution of the specific monoclonal antibody to 
be tested or 0.1 ml of a 1:500 dilution of an unreactive con- 
trol antibody of a similar immunoglobulin isotype, incubated 
at 4°C for 30 min, and washed three times. These cells were 
reacted with 0.1 ml of a 1:40 dilution of fluorescein-conju- 
gated goat anti-mouse IgG (G/M FITC) (Meloy Laboratories, 
Inc., Springfield, Va.), incubated at 4°C for 30 min, washed 
three times, and analyzed as previously described (36). In- 
tensity of fluorescence was determined for 40,000 cells in each 
population on a fluorescence-activated cell sorter and com- 
pared with the fluorescence of a control nonreactive ascites. 
A displacement of the histogram of the test monoclonal anti- 
body (Fig. 2A) was scored positive compared with the histo- 
gram of an unreactive isotype identical monoclonal antibody. 
In addition, for each test sample, a quantitative assessment of 
the number of po.sitive cells was made (number of cells re- 
active with test monoclonal antibody minus number of cells 
reactive with the unreactive isotype identical monoclonal anti- 
body divided by 40,000 total cells tested). Because the fluores- 
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Figure 1 The fluorescence profile of fractionated B cells (A), 
T cells (B), monocytes (C), and Null cells (D) with anH-Bl 
antibody and G/M FITC (solid line) is depicted in this figure. 
It is seen that B cells react with the anti-Bl antibody. Back- 
ground fluorescence staining (dotted line) was obtained by in- 
cubating cells with an unreactive monoclonal antibody and de- 
veloping with G/M FITC. 



cence intensity of these antibodies was not different in dilu- 
tions from 1:50 to 1:10,000 or greater, it appeared that the 
intensity of reactivity related to the number of specific anti- 
gen-reactive determinants on the cell sur&ce. 

RESULTS 

Distribution of Bl antigen on normal hematopoietic 
tissues. As was previously shown (24), anti-Bl identi- 
fied a surface antigen present on ~9% of unfractionated 
peripheral blood mononuclear cells. Mononuclear cells 
from several individuals were separated into T, B, Null, 
and monocyte fractions and analyzed for reactivity 
using anti-Bl and G/M FITC. As shown in Fig. 1, the 
Bl antigen was found uniquely on B cells (Fig. lA), 
and was absent from T cells (Fig. IB), monocytes (Fig. 
IC), and Null cells (Fig. ID). Moreover, the Bl anti- 
gen was present on the lg+ cells from tonsil (64%; 
n = 3), lymph node (36%; n = 12), spleen (35%; n = 8), 
and a small population of normal bone marrow (5%; 
n = 5), but was not detected on thymocytes (n = 4). 
The intensity or amount of reactivity of these tissues 
with anti-Bl was similar to that found on peripheral 
blood B cells. 

Reactivity of anti-Bl with malignant lymphomas. 
Anti-Bl was tested for reactivity with the tumor cells 
from patients with B cell lymphomas. These tumors 
were determined to be of B cell origin by the presence 
of cell surface monoclonal k or X light chains and by 
their failure to form erythrocyte rosettes or react with 
anti-T cell antisera. The tumors were classified accord- 
ing to the scheme of Rappaport (37) and included the 
following histologic types: (a) diffuse, poorly differen- 
tiated lymphocytic (n = 18); (b) diffuse histiocytic (n 
= 7); (c) nodular, poorly differentiated lymphocytic 
(n = 8); (d) Burkitt's lymphoma (n = 9); (e) nodular 
mixed (n = 3); (/) Waldenstrom's (n = 2); and (g) mye- 
loma (n = 3). In contrast to the patterns obtained with 
normal B cells, the reactivity of anti-Bl with these B 
cell tumors varied, and is illustrated in Fig. 2. For ex- 



ample, tumor cells from patients with chronic lympho- 
cytic leukemia (CLL) were weakly but definitively re- 
active with anti-Bl (Fig. 2A). In contrast, the tumor cells 
from patients with nodular, poorly differentiated 
lymphocytic tumors (Fig. 2B) were moderately reac- 
tive, whereas the tumor cells from patients with 
Burkitt's lymphoma were strongly reactive (Fig. 2C). 
Of considerable interest was the finding that all plasma 
cell myelomas tested were unreactive (Fig. 2D). The 
results obtained with cells of 50 patients with B cell 
lymphoma are summarized in Table I. The tumor cells 
from all 47 patients with classical B cell lymphoma were 
reactive with anti-Bl, anti-la, and either anti-K or anti-X 
light chain, but not both. The three plasma cell myelomas 
tested were unreactive with anti-Bl. The tumor cells 
from two of these patients lacked both the la antigen 
and surface k or X; however, the tumor cells from the 
third patient expressed both. In contrast, only one of 
three patients with Null cell lymphoma was Bl"^, al- 
though the tumor cells from all three of these patients 
were reactive with an anti-la antisera. Moreover, all 13 




Fluorescence Intensity 

Figure 2 The fluorescence profile of tumor cells from pa- 
tients with B cell CLL (A), nodular, poorly differentiated lym- 
phocytic lymphoma (B), Burkitt's lymphoma (C), and plasma 
cell myeloma (D) with anti-Bl antibody and G/M FITC (solid 
line) is depicted in this figure. It can be seen that tumor cells 
from patients with CLL are weakly reactive, nodular, poorly 
differentiated lymphocytic cells are moderately reactive, 
Burkitt's lymphoma strongly reactive, and plasma cell myelo- 
mas are unreactive with anti-Bl. Background fluorescence 
staining was performed as in Fig. 1. 
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Table I 

Reactivity of Lymphomas and Leukemias with Anti-Bl 



Tumor 


Number 

of 
patients 


la 


Bl 


KOtX 


Anti-T 
cell 


Lymphomas 












Bcell 


50 


48 


47 


48 


0 


Villi 1 ^^11 

J\uu cell 












Tcell 


13 


0 


0 


0 


13 


Leukemias 












CLL 


18 


18 


18 


18 


0 


ALL— non-T 


41 


41 


21 


0 


0 


ALL— T cell 


17 


0 


0 


0 


17 


CML— stable phase 


6 


4 


0 


0 


0 


CML — blast crisis 


10 


7 


5 


0 


0 


AML* 


16 


15 


0 


0 


0 



* AML, acute myeloblastic leukemia. 



T cell lymphomas tested were unreactive with anti- 
la, anti-Bl and anti-»f or anti-X monoclonal antibodies. 

Reactivity of anti-Bl with leukemias. Since the 
vast majority of sig-bearing (B cell) lymphomas were 



reactive with anti-Bl, we next evaluated the expression 
of the Bl antigen on leukemic cells. As can be seen in 
Table I, the tumor cells from patients with CLL ex- 
pressed monoclonal surface k or X light chain, la anti- 
gen, and Bl antigen. An unexpected result was noted 
when the ALL cells were tested with anti-Bl. It was 
found that the tumor cells from —50% of the patients 
with non-T cell ALL were Bl"^. Leukemic cells from 
these individuals lacked surface k or X, but were B1+ 
and la*. T cell ALL were unreactive with anti-Bl and 
anti-la. In contrast, tumor cells from patients with acute 
myeloblastic leukemia were generally la"*^ and uni- 
formly lacked the Bl antigen. These findings provided 
additional support for the view that the anti-Bl was un- 
reactive with conventional sig or la-like antigens. In 
addition, it was found that 5 of 10 patients with CML 
in blast crisis were Bl*, whereas 0 of 6 patients with 
stable phase CML were unreactive with anti-Bl. 

Coexpression ofBl antigen and CALLA on non-T cell 
leukemias. Given the reactivity of anti-Bl with some, 
but not all, non-T cell ALL, the relationship of the Bl 
antigen to CALLA was then investigated. Previous 
studies have shown that CALLA is a tumor-associated 
antigen expressed on the leukemic cells from 80% of 



A. CALLA- Positive ALL 



B. CALLA-Neqative ALL 



Fluorescence Intensity 

Figure 3 The fluorescence profile of the tumor cells from a patient with a CALLA* ALL (A) 
and CALLA- ALL (B) with anti-Bl antibody and G/M FITC (solid line) is depicted in this figure. 
It can be seen that the tumor cells from the CALLA* ALL were uniformly reactive with anti- 
Bl (A), whereas the tumor cells from the CALLA" patient were unreactive (B). Background 
fluorescence staining was performed as in Fig. 1. The tumor cells from approximately one-third 
of patients with CALLA* ALL had an identical fluorescence pattern to the one depicted in Fig. 
3A. The fluorescence intensity patterns of the two-thirds of patients with CALLA* ALL were 
equally divided between weak expression (similar to Fig. 2A) and moderate expression (similar 
to Fig. 2B). 
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Table II 

Reactivity of Anti-Bl with CALLA Positive 
and Negative Leukemic Cells 





Number of 


la Bl 


Non-T cell ALL, CALLA* 


28 


28 21 


\on-T cell ALL, CALLA" 


13 


13 0 


CML— blast crisis, CALLA+ 


7 


6 5 


CML— blast crisis, CALLA" 


3 


1 0 



patients with non-T cell ALL and -30% of patients 
with CML in blast crisis (38). This antigen has been 
shown to be a glycoprotein with a molecular mass of 
100,000 daltons. Recently, a monoclonal antibody (J-5), 
specific for CALLA, has been described. The tumor 
cells from 41 patients with non-T ALL and 10 patients 
with CML in blast crisis were then compared for their 
reactivity with anti-la, anti-CALLA, and anti-Bl mono- 
clonal antibodies. The reactivity of anti-Bl with the 
tumor cells from a CALLA positive and a CALLA nega- 
tive patient is depicted in Fig. 3. Fig. 3A shows that the 
tumor cells from a patient with CALLA ALL were 
reactive with the anti-Bl antibody, whereas Fig. 33 
shows that the tumor cells from a patient with CALLA" 
ALL were unreactive. Further heterogeneity of the 
CALLA^ ALL and CML in blast crisis could be demon- 
strated by their reactivity with anti-Bl. As shown in 
Table II, the tumor cells from 21 of 28 patients with 
CALLA^, la^ ALL were reactive with anti-Bl. In con- 
trast, no tumor cells from the 13 patients with CALLA", 
la^ ALL were reactive. Similarly, most of the CALLA*, 
la* CML in blast crisis were anti-Bl reactive; and all 
of the CALLA", la* CML in blast crisis were 
unreactive. 

DISCUSSION 

In the present study, we have used a monoclonal anti- 
body previously shown to be specific for a B cell sur- 
face-differentiation antigen to characterize malignant 
cells from patients with leukemias and lymphomas 
of various cellular origins. Examinations of the non- 
Hodgkin's lymphomas with classical cell surface 
markers demonstrated that —80% of these tumors and 
>95% of CLL are of B cell lineage (3). Morpho- 
logically, the B cell lymphomas are heterogeneous, 
and the observed histologic diversity has led to the de- 
velopment of several classification schemes (37-40). 
These B cell tumors have also been shown to be vari- 
able in their amount of expression of surface or intra- 
cytoplasmic immunoglobulin, complement receptors, 
formation of monkey erythrocyte rosettes, Fc receptors, 
and la-like antigens. It has therefore been postulated 



that the cell surface marker and histologic diversity 
seen in these tumors may reflect distinct stages of B 
cell differentiation in which the malignant cells are 
"frozen" (41). Unfortunately, the various cell surface 
markers presently used define neither unique histo- 
logic subtypes nor distinct clinical subgroups. Never- 
theless, given the better prognosis of B cell neoplasms 
compared with T or Null cell tumors, a number of these 
markers have been widely used (42, 43). 

In this study, the tumor cells from all IB patients with 
B cell CLL and 47 of 50 patients with B lymphomas, 
all bearing k or \ light chains, were reactive with the 
anti-BI antibody. Moreover, anti-BI was unreactive 
with acute T cell leukemias and lymphomas and with 
tumor cells from all patients with acute myeloblastic 
leukemia. These observations suggest that anti-Bl adds 
to the repertoire of cell surface determinants that define 
B cell tumors, and unlike la, Fc, and C3, it is restricted 
to this class of cells. More importantly, the presence of 
Bl antigen in conjunction with the expression of mono- 
clonal K or X light chains provides additional criteria 
for the definition of a malignant B cell clone. In this re- 
gard, normal B cells and other cells capable of binding 
immunoglobulin via an Fc receptor are invariably 
heterogeneous with regard to their light chain pheno- 
type, and as such, can be distinguished from B cell 
neoplasms. 

Although anti-Bl was reactive with the vast majority 
of B cell lymphomas and all B cell CLL, the non-T cell 
ALL were divided into several distinct entities. These 
tumor cells have been shown to be unreactive with 
anti-T and anti-Ig reagents, but to be strongly reactive 
with anti-la and anti-CALLA. Previous studies have 
shown that 95% of non-T cell ALL are la*, whereas 
CALLA was coexpressed on ~80% of the non-T cell 
ALL. These studies indicated that the majority of non-T 
cell ALL were CALLA*, la*, and a small group were 
CALLA", la*. Little is known about the small subset of 
patients (1-2%) who express cell surface immuno- 
globulin and are therefore thought to represent a more 
mature B cell ALL. 

The present studies have shown that the tumor cells 
from —50% of patients with non-T cell ALL were reac- 
tive with anti-Bl. More importantly, most of the 
CALLA*, la* ALL were anti-Bl reactive, whereas all 
of the CALLA", la* ALL were anti-Bl unreactive. 
Thus, the non-T cell ALL can now be divided into three 
major subclasses: (a) CALLA*, la*, Bl*; (b) CALLA*, 
la*, Bl"; and (c) CALLA", la*, Bl". These studies pro- 
vide additional support for the view that a significant 
fraction of CALLA* ALL was B cell derived. Other 
investigators have demonstrated that —20-30% of 
CALLA* ALL had the characteristics of pre-B cells in 
that they contained intracytoplasmic ix chain and lacked 
both surface and cytoplasmic light chains (44-46). The 
present study would suggest that, in fact, the majority 
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of CALLA+, Ia+ ALL are B cell derived, since 75% 
were anti-Bl+. Whether Bl is expressed earlier than 
cytoplasmic immunoglobulin in B cell differentiation, 
or is a more sensitive marker of pre-B cells, is yet to 
be resolved. 

The demonstration that the Bl antigen is expressed 
on all normal B cells, B cell lymphomas, and a propor- 
tion of acute leukemias suggests that the Bl antigen is 
expressed on most stages of B cell differentiation. It 
was intriguing to find that the generally accepted end- 
stage cell in B cell ontogeny, the plasma cell, lacked Bl. 
Thus, Bl appears to be a B cell differentiation antigen 
present throughout most stages of B cell maturation. 
Similarly, a number of anti-T cell antibodies have been 
described that are capable of dissecting normal intra- 
and extrathymic maturation (47), as well as defining dis- 
tinct subsets of clinically relevant malignant T cell 
leukemias and lymphomas (31, 32, 38, 48, 49). 

Because monoclonal antibodies are of extremely high 
titer and can be produced in unlimited quantities com- 
pared with heteroantisera, the utility of this marker can 
now be readily adopted by many laboratories studying 
B cell tumors. Additional B cell-specific antibodies will 
be required for the dissection of distinct stages of B 
cell differentiation and for the identification of clini- 
cally relevant subgroups of B cell lymphoproliferative 
malignancies. 
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Production of a mouse-human chimeric monoclonal 
antibody to CD20 with potent Fc-dependent biologic 
activity. 

Liu AY , Robinson RR , Murray ED Jr . Ledbetter JA , Hellstrom I , 
Hellstrom KE 

INGENE, Inc., Santa Monica, CA 90404. 

Mouse monoclonal antibody 2H7 recognizes the CD20 cell surface 
phosphoprotein that is expressed in normal as well as malignant B cells. 
CD20 may be a useful target for therapy of B cell lymphomas, since 
damaged normal B cells can be replaced by their antigen-negative 
precursors. Monoclonal antibody 2H7 is an lgG2b (kappa) immunoglobulin 
which cannot mediate antibody-dependent cellular cytotoxicity with human 
lymphocytes or complement-dependent cytotoxicity with human serum. 
We have now generated a chimeric 2H7 antibody by substituting the 
mouse constant domains of 2H7 with the human gamma 1 and kappa 
domains. This new antibody has the same binding specificities as 2H7 but 
is highly effective in mediating antibody-dependent cellular cytotoxicity 
with human effector cells and complement-dependent cytotoxicity with 
human complement. 

PMID: 31 1 971 1 [PubMed - indexed for MEDLINE] 
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Rapid Communication 

Expression of B-cell Antigens by 
Hodgkin's and Reed-Sternberg Cells 



C. Schmid, L. Pan, T. Diss, and P. G. Isaacson 

Prom tbe D^anmertt of Hiaopatoology, University OMege & 
Middlesex School c^Medidne. London, UnUed Kingdom 



Twenty frozen and 55 pan^tn sections of fympb- 
node specimens from 55 patients witb pretnatment 
Hodgkin's disease (nodular sclerosis Hodgkin's dis- 
ease, n = 45; mtxed cellulartty Hot^kin 's disease, n 
= 10) were studied by immuncMstoOremistiy and 
molecular analysis to determine tbe pbenotype of 
Hodgkin's and Reed-Sternberg celU (HBS). In all 
cases OteHIlS cells were 0)45-, andCD30+, emdin 
43/55 (78%) cases tttey were CD15 +. In 48/55 cases 
(87%) HPS cells were reactive witb at least one B-cell 
marker (CD19. CD20. CD22, CDw75. MB2). 8/55 
cases (14.5%) showed reactivity (mainly cytoplas- 
mic) of a subpopulation of HIS cells wiOi tbe T-cell 
maimers CD3 and fiPl. All cases tbat expressed T-cell 
antigens were also reactive wiOf at least one B-cell 
marker. In frozen sections, a minority ofHSS cells in 
each case studied showed cytoplasmic positivity for 
bcl-2 protein. Rearrangement of immunoglobulin 
heavy chain genes was detected in one case and of 
T cell receptor p chain genes in none Tbe authors 
were unable to confirm previous reports of bcl-2 gene 
rearrangement in Hodgkin's disease. Tbe results 
strongly support a B lymphocytic origin ofHRS cells. 
(AmJPatbol mi, 139:701-707) 



Despite numerous studies on the liistogenesis of 
Hodgkin and Reed-Sternberg (HRS) cells, their nature 
still remains enigmatic. Using a wide variety of ap- 
proaches derivation has been suggested from macro- 
phages,^-^ interdigitating reticulum cells/"^ activated 
lymphocytes,'" immature lymphoid cells," B cells'^-'^ 
andTcells.^5 

Immunohistochemical and molecular genetic evi- 
dence is accumulating that HFS cells are derived from 
either B or T lymphocytes rather than macroph^es and 



interdigitating reticulum cells with most immunohisto- 
chemical studies favoring a T-cell derivation of these 
cells.^^ Most of these studies favoring a T-cell deriva- 
tion of HRS cells have, however, used a limited panel of 
mono- or polyclonal antibodies specific for B and T cells 
and in some instances have used T-cell markers 
alone.^-2^ 

In contrast to immunohistochemistry most molecular 
studies'^'^^'^^-^ have pointed towards a B^»ll phe- 
notype of HRS cells. Furthermore, the recent report of 
bcl-2 gene rearrangement in a significant number of 
Hodgkin's disease cases. ^» if confimned, would be 
strong evidence in this direction. 

We report the results of a combined immunohisto- 
chemical and molecular study of 55 cases of Hodgkin's 
disease (excluding the lymphocyte predominant sub- 
type). We have used a broad panel of antibodies against 
both B and T cells performed genotypic analysis by 
Southern blolting and have attempted to confirm the 
presence of bcl-2 gene rearrangement as reported by 
Sletler-Stevensonetal.'* 



Material and Methods 

Immunohistochemistry 

Seventy-five specimens from 55 patients with pretreat- 
ment Hodgkin's disease (55 paraffin sections, 20 frozen 
sectbns) were taken from the surgical pathology files of 
the Department of Pathotogy, University College and 
Middlesex School of Medicine. London, and stained with 
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the panel of monoclonal and polyclonal antibodies listed 
in Table 1 . The alkaline phosphatase antj-alkaline- 
phosphatase (APAAP) method^ and a modification of 
the ABC mettiod^ were used for frozen and paraffin sec- 
tions, respectively. Paraffin sections were predigested 
with trypsin (Sigma) when using the antibodies CD15, 
CD30, CD3 (polyclonal), and pFI. Each specimen was 
classified according to the Rye classification as either 
nodular sclerosis Hodgkin's disease (NSHD) (n = 45) or 
mixed celiularily HD (MCHD) (n = 10). Nodular lympho- 
cyte predominant Hodgkin's disease (NLPHD) was not 
included in this study. The percentage of cells staining 
with antibodies specific for B and T cells was estimated 
as less than 10, 10-50. and over 50. Attention was given 
to ensure that the immunoreactive HRS cells were un- 
equivocally tumour cells, especially in cases where less 
than 1 0% of HRS cells expressed the respective antigens 
(e.g.. the presence of characteristic nuclear details and 
surrounding T-cell rosettes). All cases were examined 
separately by two of the authors (CS, PGI). The distribu- 
tion of staining, i.e.. cytoplasmic, surface or both was also 
noted. 



Molecular Genetics 

Gene Rearrangement Andysis 

High molecular weight DNA was extracted from 18 fro- 
zen biopsy specimens of HD as described previclusly.^^ 
TTie purified DNA was digested separately with th^ee re- 
striction enzymes (EcoRI, Hindlll, PstI). The resulting di- 
gests were size-fractionated on 0.8% agarose gels and 
transferred to Hybond N-plus membranes (Amei^ham, 
UK) by Southern blotting. The recombinant DNA |)robes 
used included those encoding the Jh region of the im- 
munoglobulin (Ig) heavy chain^ and the constant region 
of the 3 chain of the T-cell receptor rrCRp).^" They were 



radiolabelled with 32 P-dCTP by the random hexamer 
method.*' After the hybridization, the membranes were 
washed under stringent conditions and exposed to pre- 
fogged X-ray film at -70^. 



Polymerase Chain Reaction (PCR) 

Fresh frozen tissue of 1 9 specimens and paraffin material 
from 32 cases (all of the paraffin sections showing reac- 
tivity of HPS ceils with CD20) were studied using PCR.^ 
Two sets of PCR were carried out for each sample: one 
using primers designed to amplify the major breakpoint 
region of t(14;18),^ the other using primers designed to 
amplify a fragment of the normal p-globin gene,^ as a 
control. Forty-five cycles of PCR were earned out on a 
thernnal cycler (Hybaid, UK) using a mixture of 1 unit of 
Taq polymerase. 10 mM Tris-HQ (pH 8.3). 50 mM KOI, 
10 mM MgCI. 0.001 % gelafine. 200 each dNTP. 200 
ng of DNA or one dewa)«d paraffin section, and 250 ng 
of DNA primers (obtained from Oswell DNA Service. Ed- 
inburgh. UK). PCR products were visualized on an ethid- 
ium bromide stained 3% agarose gel snd analyzed by 
conventional Southern blotling,^^ using a radiolabelied 
probe to the bcl-2 major breakpoint (pFL3).^ A follicular 
lymphoma with known bcl-2 major breakpoint rearrange- 
ment was used as positive control. Extracted placental 
DNA and dewaxed sections of reactive tonsillar tissue 
were used as positive controls for the p-globin amplifica- 
tion and as negative controls for the major breakpoint 
amplification. 



Results 

Immunohistochemistry 

The results obtained with antibodies specific for B- and 
T-cells In 20 frozen sections are listed in Table 2. In all 



Table 1. r>euiikcf AntiboeUesEnptoyed and Their Smmx 



CID-antigen 


Antibody 


P/F 


Source 


Ig class 


Major lymphoid specificity 


CD19 
CD20 
CD22 
CDw75 

CDS 
CD3 

CD15 
CD30 
CD45RB 


HD37 
L26 

4KB128 

LN1 

MB2 

UCHT1 

CDS (poly) 

pFI 

bcl-2 protein 
DakoMI 

BerH2 

PD7/26— 2B11 


F 

P/F 
F 
P 
P 
F 
P 

P/F 
F 
P 
P 

P 


1 
1 
2 
3 
4 
5 
1 
6 
2 
1 
1 
1 


IgGl 

Ig G2a 

lgGl 

IgM 

IGGI 

IgGl 

IgGl 
IgG 
Ig Mk 
IgGl 
Ig G1 


B cells 
B cells 
B cells 
B cells 
B cells 

Peripheral T cells 

Peripheral T cells 

P chain of T cell receptor 

B cells, T cells 

HRS cells 

Ki-1 activation antigen 
Leukocyte common antigen 



^ 'g Q"* Leukocyte co mmon antigen 

W^^lS" ^ ' ^■<^'^s; 4 = Eurodiagnostics; 5 
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>50 
10-50 

<10 

(0) 

>50 
10-50 

<10 



(1) (0) (2) (5) (6) 

15(75%) 18(80%) 12(60%) 5(25%) 3(15%) 



•Staining patterns: CD19, CD20: surface; CD22: cytoplasmic; CD3: cytoplasmic (1 case surface); pFV cytoplasmic (1 o 
ST = subtype; n = numtjer of cases; % - percentage of Immunoreactive HRS cells; NS - NSHD; MC = MCHD- TO = 



Total. 



Table 2. Immum^ibenota>e of HRS Celb. Frozen Section^ 
ST 



NS 



TO 



cases HRS cells e)q}ressed at least one B-cell antigen 
(Rgure la-c) with all three B-cell antigens being ex- 
pressed in 50% of cases and two in a further 25%. GDI 9 
aid CD20 expression was seen on the surfeKse of various 
numbers of HRS cells, whereas CD22 expression was 
confined to the cytoplasm as is appropriate for B cells in 
other than mature stages of differentiation.* As can be 
seen from Table 2, in most cases less than 50% of HRS 
cells were reactive with the B-cell matters. T-cell anti- 
gens were expressed by a minority of HRS cells in only 5 
(25%) cases (Figure Id) and inonlyoneof these were the 
antigens expressed appropriately (i.e.. on the cell sur- 




faceAriembrane). In two of these five cases, the HRS cells 
also expressed all three B-oell antigens, with expression 
of two in a further two cases and a single B-cell antigen in 
one case. In each frozen section, a minority of HRS cells 
showed moderate-to-strong cytoplasmic reactivity for 
bcl-2 protein. 

In paraffin sections a variable number of HRS cells in 
each case were reactive with CD30. In 43/55 (78%) of 
cases CD15 positive HRS cells were identified. Using 
CD30 and CD15 HRS ceils displayed membrane stain- 
ing and/or a cytoplasmic paranuclear dotlike reactivity. 
No reactivity of HRS cells was obsen/ed with CD45 






Figure 1. Fmzen sections Jmrn cases cfHo^t&i's disease staatet 
stnmg surface membrane stainit^cf HRS cells wUt Ox Bcdl 
conpned to Oje q/toplasm (inmaaioalkaline pboipbataseX 



(a) um CD19. (b) wOb CD20. (c) u/ltb CD22 and (d) wiOi CD3. There is 
CD19 and 0320 uMea}22 stains the cytoplasm. CDS staining is 
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Table 3. Immttrmpbatotype c^MRS C^- Petraffln Sections* 



ST 




% 


CD20 


CDw75 


MB2 


CDS 


PFI 






>50 


11 


5 


1 


0 


0 


NS 


45 


10-50 


4 


8 


4 


1 


0 






<10 


10 


9 


7 


4 


0 






(0) 


(20) 


(23) 


(33) 


(40) 


(45) 






>50 


0 


1 


0 


0 


0 


MC 


10 


10-50 


5 


3 


5 


0 


0 






<10 


2 


4 


1 


0 


0 






(0) 


(3) 


(2) 


(4) 


(10) 


(10) 


TO 


55 




32 (58%) 


30 (55%) 


18(33%) 


5(9%) 


0 



* staining patterns: CD20. surface; CDw75: surface and/or cytoplasmic; MB2, CD3: cytoplasmic. 

ST = subtype; n = number of cases; % = percentage of immunoreactive HRS cells; NS = IMSHD: MC = H/ICHD; TO = Total. 



(CD30. GDI 5 and CD45 were not applied on frozen sec- 
tions). Using antibodies to B and T cells in paraffin sec- 
tions (Table 3) HRS cells expressed at least one B-cell 
antigen in 42/55 (76.4%) cases (Figure 2a, b, c). In 32 
(58%) of these, HRS cells strongly expressed tte B-cell 
specific antigen CD20 whereas in the remaining 10 
cases they expressed B-cell-associated antigens recog- 
nized by the antibodies CDw75 or MB2. Again, as in 
frozen sections less than 50% of HRS cells were reactive 
with B-cell markers in most of the cases. Weak-to- 
moderate expression of CDS antigen (Figure 2d) was 
detected in the cytoplasm of occasional (a single cell in 
two cases) HRS cells in five cases in all of which the cells 



expressed at least one Bk»II antigen, iskxie of the HRS 
cells in paraffin sections were reactive with pFI . 



Molecular Genetics 

Of 18 cases of HD analyzed by Southem blotting only 
one (NSHD) showed rearrangement of the Ig heavy 
chain gene which was present in DMA digested with 
each of the three restriction aizymes. Using the polymer- 
ase chain reaction (PCR), no rearrangement of the bd-2 
gene (major breakpdnt) was d«ected in any of the 19 
frozen and 32 paraffin cases. 




Figurea. PmaffmsectionsfromcasescfHod^-sdBeaskstm TheB<eU 
markers CD20, CDw75, and MB2 clearfy bU>^ HRS ceUs. CD3 staining is cmiftned to Ae cytoplasm cfHRS cdk m contrm to SurffKX 
rnembntne bibeUir^ simmmtiing T fyn^i)0(ytes (umt^^ 
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Discussion 

Following the work of Stein et al.,''° who described the 
constant expression by HRS cells of the lymphoid acti- 
vation antigen CD30, there has been a broad consensus 
that these cells are derived from lymphocytes. Opinions 
are, however, divided as to whether HRS cells are de- 
rived from B cells, T cells, or both. Most immunohisto- 
chemical studies have favored a T-cell origin.^'^^"^ 
Many of these immunohistochemical studies are flawed 
in respect of the small number of cases studied,^'^^ a 
failure to include B-cell markers,^-^'* or to report their 
results obtained with B-cell markers.^ Furthermore, the 
suggested T-cell origin of HRS cells in immunohisto- 
chemical investigations is mainly based on descriptions 
of intracytoplasmic, rather than appropriate membrane 
expression, of T-cell markers such as CD3."-^'^'* Al- 
though cytoplasmic CD3 expression does not com- 
pletely exclude a T-phenotype, cytoplasmic CD3 expr^ 
sion, as far as we are aware, has not been descrilaed in 
T-cell lymphomas. Strong evidence that aberrant cyto 
plasmic CDS expression can occur in B cells is provided 
by Cibull et al.^'' who reported CDS expressbn in R$ 
(presumably the L & H variant) cells in three cases of 
nodular lymphocytic predominant HD. A B-cell pheno- 
type of the L & H variant RS cells in this disease is well 
recognized^ and Cibull et al.^" argue for the aberrant 
nature of CDS staining in their cases. In this respect, we 
have observed positive cytoplasmic staining with CDS in 
at least 30% of the cells In three B-cell lymphoblastic cell 
lines, whereas the B-cell markers used in our study did 
not stain any cells in five T-lymphoblastic cell lines (un- 
published observations). Molecular genetic investiga- 
tions of Hodgkin's disease, although compromised by 
the small numbers of tumor cells present in the tissu^ 
have tended to favor a B-cell derivation of HR^ 
cells.^'''^'''^^'^^ When selected cases of HD were used 
(either with high content of RS cells, or following HRS celj 
enrichment by cell separation techniques, Ig gene reari 
rangement could be detected in a higher percentage of 
13,14,40 Recent descriptions of the integration of 
Epstein-^arr virus (EBV) in HRS cells*'-^ provide further 
evidwice in favor of a B-cell origin although in rare in^ 
stances EBV has been reported to occur in T-cell lym^ 
phomas*'*^ In addition, the frequent association oi 
Hodgkin's disease with B-cell non-Hodgkin's lym- 
phoma'**^ in corrtrast to only occasional reports of HD 
with associated T-cell lymphomas^^-^ implies a relatioH 
between Hodgkin's disease and B cells. 

Our immunohistochemical findings provide ewlence 
in support of a B-cell origin of HRS cells. However, in 
most cases, a minority of HRS cells expressed B-cell an-' 
tigens, which is different from non-Hodgkin's Bn^ell lynrn 
phomas in which almost all the tumor cells express B-cell 



mariners. This finding was also observed in the study of 
Pinkus et al.,^ who found a variable number of L26 
(CD20) positive HRS cells in S4/63 (54%) of their investi- 
gated cases. Using the antibody L26, which recognizes 
ttTe CD20 antigen in frozen and paraffin-embedded tis- 
sue,^ membrane staining of HRS cells was detected in 
76.4% of our cases overall and in 90% of cases in which 
frozen sections could be studied. Not surprizingly, this 
indicates a degree of antigen loss resulting from tissue 
fixation and processing. Antibody L26, which was not 
used in most of the previous immunohistochemical stud- 
ies of Hodgkin's disease, is a particularly avid B-cell spe- 
cific reagent in both frozen and fixed tissue. If the other 
B-cell restricted mari<ers, CD19 and CD22, are included, 
in 80% of our cases HRS cells show an unequivocal 
B-cell phenotype. If the results with the B-cell associated 
mariners MB2 and CDw75 are included, in 87% of our 
cases of Hodgkin's disease the HRS cells showed a 
B-cell phenotype. Our results using T-cell mari<ers are 
comparable to those of other workers showing cytoplas- 
mic reactivity with T-cell markers in a minority of HRS 
cells." Significantly in each case in which T-cell 
mari<ers were positive B-cell antigens were also ex- 
pressed. 

With tfie Southern-blotting technique, we were able to 
determine a B-cell genotype in only one case of 
Hodgkin's disease (NSHD). This may reflect insufficient 
sensitivity of Southern blotting when the neoplastic pop- 
ulation accounts for only a minority of cells in the tissue 
and is common to all previous studies of Hodgkin's dis- 
ease using this technique." "-^ Altematively. the 
paucity of evidence of Ig gene rearrangement in 
Hodgkin's disease may reflect the role of EBV in its patho- 
genesis, for which there is increasing evidence."*^ -**-* 
With rare exceptions,'*^-* EBV selectively infects B-lym- 
phocytes and in EBV-induced B-lymphoblastic cell lines, 
the cells, while continuing to express B-cetl surface anti- 
gens, often do not show evidence of rearranged Ig 
genes.* Lack of sensitivity cannot explain our inability to 
confirm the findings of Stetler-Stevenson et al.^» who 
demonstrated bcl-2 gene rearrangement in Hodgkin's 
disease with PGR. Said et al. were likewise unable to 
confirm these findings but these authors used a slightly 
less sensitive method.^ Our PGR method is of similar 
sensitivitytothatused bySteUer-^evenson etal., and we 
have no explanatkxi for this discrepancy. Bcl-2 protein 
expression in malignant lymphomas, which was present 
in only a minority of HRS cells in each of our cases, has 
been shown not to be dependent on the presence of a 
t(14;18) translocation.=«=^ Although we did not find dif- 
ferences in levels of bcl-2 expression in HRS cells com- 
pared with surrounding small lymphocytes, such differ- 
ences might be seen in paraffin material or cytocentri- 
fuged cell preparations, since differences in staining 
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intensity have been observed in tumor cells of jtollicular 
non-Hodgkin's lymf^iomas.^ There is a high Ki-fez score 
in HRS ceils in Hodgkin's disease,^'^ and bcl-^ expres- 
sion in only occasional HRS cells may be esqal^ined by 
the failure of those cells in cycle to express the pirotein.^' 
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Tumor cells suspensions prepared from 129 B- or non-T cell malignancies were 
investigated with a panel of 1 0 monoclonal antibodies and conventional surface 
marker techniques. Surface immunoglobulin (sig) and Bl antigen proved to be the 
most useful markers for B-cell lineage. Six major subtypes of acute lymphoblastic 
leukemia (ALL) of non-T cell nature are now recognized by these immunological 
techniques, including null-ALL, la-ALL, lymphoid stem cell ALL, pre-pre-B ALL, 
pre-B ALL and B-ALL. 

In cases of chronic leukemias and lymphomas of non-T cell nature, 80% of the 
tumor was defined by sIg and 88% by Bl antigen as definitely of B-cell lineage. 
The clonal character was also defined in 68% of the tumor on the basis of the 
detection of predominant single light chain in sIg. la-like antigen was detected in 
almost all cases (96%). 

Leukemic cells from all cases of chronic lymphocytic leukemia (CLL), chronic 
lymphosarcoma cell leukemia (CLsCL) and hairy cell leukemia (HCL) reacted 
with OKIal and anti-BI, and leukemic cells from most of them with anti-pan T 
monoclonal antibody (10.2). In more than half of CLL and CLsCL, leukemic cells 
were reactive with J5, 0KM1 , 9.6 and 0KT8, but not with 0KT3, 0KT4 and 
0KT6. HCL cells had almost the same reactivity with these monoclonal 
antibodies as CLL and CLsCL cells except that J5 remained unreactive. These 
results indicated that Japanese CLL, CLsCL and HCL were different from 
Western ones at least with respect to surface marker characteristics. 



In cases of lymphomas, heavy chains of sig were expressed in polyclonal 
fashion, especially in follicular lymphoma and diffuse lymphomas of medium 
sized cell type and large cell type, indicating that lymphomas of these types may 
originate from follicular center cells of the heavy chain switching stage. Anti-T 
monoclonalswere also reactive with lymphoma cells. In about half of follicular 
lymphomas and diffuse lymphomas of the medium sized cell type, lymphoma 
cells reacted with 10.2, and less frequently with 9.6, 0KT4 and 0KT3. On the 
other hand, only in one or two cases of diffuse lymphoma of the large cell type 
and of immunoblastic sarcoma (IBS), did tumor cells react with 10.2 and 9.6, but 
this was exceptional. In more than 25% of IBS, tumor cells also reacted with 
0KT8, but not with 0KT4 and 0KT3. These results indicated that anti-T 
monoclonals are no longer specific forT-cell lineage. It must be recognized that, 
in B- or non-T cell lymphoma as well as chronic leukemia, tumor cells are 
sometimes reactive with several anti-T monoclonals. These results can cause 
confusion. Therefore, it is still necessary to perform conventional marker studies 
in addition to monoclonal antibody studies in the case of B- or non-T cell 
malignancies. Further development of useful anti-B monoclonals is strongly 
desired. 

* Present address: Department of Internal Medicine, Iwaki Kyoritsu General 
Hospital, 16, Kuzehara, Mimaya-machi, Uchigo, Iwaki 973, Fukushima. 

** Present address: Department of Pediatrics, National Shikoku Cancer Center, 
13, Horinouchi, Matsuyama 790, Ehime. 



Monoclonal Antibody 1F5 (Anti-CD20) Serotherapy of Human B Cell Lymphomas 



By Oliver W. Press, Frederick Appelbaum, Jeffrey A. Ledbetter, Paul J. Martin, Joyce Zarling, 
Pamela Kidd, and E. Donnall Thomas 



Four patients with refractory malignant B cell lymphomas 
were treated with continuous intravenous (IV) infusions of 
murine monoclonal antibody (MoAb) 1FB lanti-CD20) over 
five to ten days. Dose-dependent levels of free serum 1F5 
were detected in all patients. Two patients had circulating 
tumor cells and in both cases 90% of malignant cells were 
eliminated from the blood stream within four hours of 
initiation of serotherapy. Antigenic modulation did not 
occur, and sustained reduction of circulating tumor cells 
was observed throughout the duration of the infusions. 
Serial bone marrow aspirations and lymph node biopsies 
were examined by immunoperoxidase and immunofluores- 
cence techniques to ascertain MoAb penetration into 
extravascular sites. High doses (100 to 800 mg/m'/d and 
high serum 1FB levels (13 to 190 Mg /">>-) vvere required to 

MONOCLONAL ANTIBODY (MoAb) serotherapy 
of malignancy represents a theoretically attractive, 
potentially nontoxic approach Tor (he treatment of neoplastic 
disease.'"' Preliminary animal experimentation has demon- 
strated both the effectiveness and limitations of MoAbs that 
recognize tumor-associated antigens in preventing growth of 
murine hematologic malignancies.'* ' Early human trials have 
shown that infusion of antibodies recognizing lymphoid cell 
dilTerentiation antigens is a well-tolerated therapy capable of 
coating tumor cells and causing tumor regression in some 
patients.'"' However, the antitumor effectiveness of MoAbs 
has been limited by the presence of circulating free antigen, 
antigenic modulation, development of human antimouse 
antibodies (HAMA), emergence of antigen-negative tumor 
cell variants, and the inadequacy of host effector cell mecha- 
nisms.'*"" 

Here we present findings in four patients with B cell 
lymphomas treated with a murine IgG2a MoAb (1F5) 
chosen to avoid many of the previously encountered obsta- 
cles. MoAb 1 F5 recognizes a 35,000 dalton antigen (Bp35, 
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coat tumor cells in these compartments in contrast to the 
low doses that were adequate for depletion of circulating 
cells. Clinical response appeared to correlate with dose of 
MoAb administered with progressive disease (52 mg), 
stable disease (104 mg), minor response (1,032 mg). and 
partial response (2,380 mg) observed in consecutive 
patients. The patient treated with the highest 1F5 dose 
achieved a 90% reduction in evaluable lymph node disease, 
but the duration of this remission was brief (six weeks). 
This study demonstrates that high doses of 1F5 can be 
administered to patients with negligible toxicity by contin- 
uous infusion and that clinical responses can be obtained in 
patients given >1 g of unmodified antibody over a ten-day 
period. 

e 7987 by Grune & Stratton. Inc. 

CD20) present on the surface of normal and malignant B 
cells'^ that is not shed from the cell surface (unpublished 
observations), does not modulate in response to MoAb 
binding, and does not bind to any other normal tissues. 
Consequently, prolonged continuous MoAb 1 F5 therapy can 
be administered without inducing the unresponsiveness to 
therapy that has necessitated intermittent bolus therapy in 
previous trials.'"" We have administered IPS by continuous 
intravenous (IV) infusion (S2 to 2,380 mg over five to ten 
days) to determine toxicity, kinetics, penetration to extravas- 
cular tissues, and efficacy. Our studies have shown I F5 to be 
a minimally toxic therapy capable of depleting circulating 
tumor cells at low doses and lymph node tumor cells at high 
doses. However, responses were transient, suggesting that 
antibodies conjugated to toxins or radioisotopes might afford 
more lasting clinical benefit than unmodified antibody. 

MATERIALS AND METHODS 

Antibody preparation. Murine MoAb 1F5 (IgG2a) was pro- 
duced in BALB/c mice and purified as previously described." 
Antibody 1 F5, along with the B 1 antibody," has been assigned to the 
CD20 (anti-Bp35) cluster group by the Second International Work- 
shop on Human Leukocyte Differentiation Antigens." The reactiv- 
ity of antibody 1 F5 with normal and malignant B cells has previously 
been reported." " " MoAb 1 F5 was purified from ascites by satu- 
rated ammonium sulfate precipitation followed by diethyl amlno- 
ethyl (DEAE)-Sephacyl (Pharmacia, PIscataway, NJ) column chro- 
matography." Testing of the purified antibody by Microbiological 
Associates (Bethesda, MD) has shown It to be free of bacterial, viral, 
or endotoxin contamination. Preclinical testing In two macaques {M. 
fascicularis) Injected with I F5 IV showed that this antibody was 
capable of eliminating circulating B cells and penetrating lymph 
nodes without causing any acute toxicity (J. Ledbetter, unpublished 
observations, 1983). A battery of normal human autopsy tissues was 
screened for reactivity with antibody 1 FS by an indirect immuno- 
peroxidase method. No reactivity was seen with any tissue except 
those known to be rich In B lymphocytes (tonsils, lymph nodes, 
spleen). Tissues failing to bind 1 F5 included heart, thyroid, adrenal, 
lung, muscle, kidney, testis, skin, colon, breast, and brain. 

Patient selection. Adult patients with histologically confirmed 
B cell lymphomas shown by immunoperoxidase or immunofluores- 
cence techniques to be reactive with the I FS antibody were eligible 
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for this study if they had failed previous conventional therapy 
(chemotherapy and /or radiotherapy), if they had normal renal and 
hepatic function (creatinine <2.0 mg/dL. bilirubin <I.S mg/dL), 
had evaluable disease, had not received any other treatment for 
afour weeks, had no other active medical problems, and signed an 
informed consent approved by the Institutional Review Board of the 
Fred Hutchinson Cancer Research Center. 

Study design. Prestudy blood, marrow, and lymph node speci- 
mens were obtained and analyzed by conventional histopathology 
and by an indirect immunoperoxidase method (Vectastain, Vector 
Laboratories, Raritan, NJ) for evidence of tissue involvement with 
tumor cells capable of binding I F5. Cell suspensions of these tissues 
were analyzed by two-color flow cytometry using a panel of fluores- 
cein and phycoerythrin antibody conjugates'' to determine the 
baseline immunologic phenotypes of the resident cell populations 
(see below). Intradermal skin testing with 10 Mg of antibody 1 PS in 
0.1 mL of normal saline was performed, and no hypersensitivity 
responses were observed. Allopurinol (300 mg/d) was given 
throughout antibody administration. A bolus loading dose was given 
over one to two hours IV to rapidly achieve steady state serum 
antibody levels. The loading dose was calculated from the following 
equation: Loading dose - 1.4 x elimination half-time (in days) x 
daily maintenance dose." Preclinical studies of murine anti-CD20 
antibody infusions in nonhuman primates (Ledbetter, unpublished 
data) and clinical trials of murine MoAbs administered to patients 
with graft-v-host disease (GVHD)" suggested an elimination half- 
time of 1 .2 days, and this figure was used in calculating the loading 
doses. Patients were assigned a predetermined maintenance anti- 
body dose that was diluted in 500 mL normal saline ?nd adminis- 
tered by continuous IV infusion for five to ten days. (Patient I had 
premature discontinuation of his infusion after five days due to 
rapidly progressive lymphoma.) The maintenance antibody doses 
administered to the patients are summarized in Table I . The dose 
escalation range was chosen to progress from safe low doses (5 
mg/mVd) known to be well tolerated for other MoAbs'"'"'" to 
high doses (400 to 800 mg/mVd), which we felt were more likely to 
result in good tissue penetration. We initially planned to escalate 
doses between patients. However, because of the absence of toxicity, 
poor penetration of low doses of antibody into patients 1 and 2, and 
slow patient accrual, doses were escalated progressively in patients 3 
and 4 (from 10 mg/m7d to 800 mg/m'/d) to achieve high circulat- 
ing antibody levels that we felt would be more likely to achieve 
extravascular tissue penetration. 

Table 1 . Summary of Patient Characteristics 



Age/Sex 42/M 

Lymphoma DML 
Stage IVB 



64/M 63/M 

WDLL DPDL 
IVA IVA 



IVB 



Total Dose 

oflF5 52.4 mg 104.8 mg 1,032 mg 2.380 mg 

Duration of 

Therapy 4.5 days 10 days 10 days 7 days 
Response Progression Stable Minor Partial 

Disease Response Response 
Abbreviations: DML, diffuse mixed small and large cell lymphoma; 
WDLL, diffuse v/ell-differentiated lymphocytic lymphoma (small lympho- 
cytic, working formulation); DPDL, diffuse, poorly differentiated lympho- 
cytic lymphoma (diffuse small cleaved cell, working formulation); DHL, 
diffuse "histiocytic" lymphoma (diffuse large cell lymphoma, working 
formulation). 



Patient monitoring. Pretreatment tests included a history and 
physical examination, relevant radiographic studies and computed 
tomographic scans, chemistry batteries, uric acid levels, complete 
blood cell counts (CBCs) and differentials, prothrombin time, 
partial thromboplastin time, serum complement levels (CHSO, C4, 
C3), immune complex levels (CIQ binding assay), urinalysis, ECG, 
and cell surface marker analysis. Patients were examined twice daily 
during antibody infusion. Serial serum specimens for 1 F5 levels and 
antimouse antibody levels, blood counts, chemistries, and blood 
specimens for surface marker studies were obtained four hours after 
initiation of IF5 therapy and daily thereafter. Patients were 
discharged at the termination of antibody infusions. Blood samples 
were obtained on an outpatient basis for the above tests on days 1 , 2, 
7, and 21 after cessation of therapy and monthly thereafter. Serum 
complement and immunoglobulin levels were tested pretreatment 
and on days I , S, and 1 0 and then at roughly monthly intervals for six 
months. 

Response criteria. Standard response criteria were employed as 
follows: Complete response-disappearance of all measurable and 
evaluable disease; Partial response; reduction by £50% of leukemic 
cell counts and a50% reduction in the size of a measurable lesion, 
and no increase in the size of any measurable or evaluable lesions or 
appearance of new lesions; Stable disease: Less than a partial 
response without an increase of >25% in leukemic cell count and 
<25% increase in any measurable lesion. Progression: Increase in 
leukemic cell count (>2S%), appearance of new lesions, or an 
increase of 25% or greater in any measurable lesion. 

Measurement of free IF5 and human antimouse antibody. Se- 
rum I F5 levels and human antimouse antibody levels (HAMA) were 
measured by solid phase competitive inhibition radioimmunoassay 
(RIA) as previously described." 

Detection of cell-bound IF5. Assessment of tumor cell coating 
by infused antibody I FS was accomplished on serial specimens of 
peripheral blood, bone marrow, and lymph nodes by indirect immu- 
noperoxidase and immunofluorescence techniques. Peripheral blood 
and bone marrow mononuclear cells were obtained by Ficoll- 
Hypaque (LSM, Litton Bionetics, Kensington, MD) density gra- 
dient centrifugation. Lymph node biopsies were divided in thirds: 
one portion was minced into a single cell suspension, another part 
was fixed in formalin for routine histologic staining, and another 
portion was frozen in liquid nitrogen for immunohistologic staining. 
Lymph node frozen sections were fixed to gelatin-coated glass slides 
and stained with rabbit antimouse immunoglobulin (Vectastain, 
Vector Laboratories, Raritan, NJ) using an indirect avidin-biotin 
technique. Pretreatment biopsies served as controls. 

Cell suspensions of blood, bone marrow, and lymph nodes from 
antibody-treated patients were examined by flow cytometry (FACS 
IV, Becton Dickinson, Sunnyvale, CA) for the presence of surface 
I F5 by using fluorescein-conjugated goat antimouse immunoglobu- 
lin (FITC-GAMIg; TAGO, Burlingame, CA). The mean fluores- 
cence intensity of cells stained with FITC-GAMIg was compared to 
the intensity of cells incubated with excess 1F5 in vitro before 
staining to assess the saturation of binding sites in vivo. Relative 
CD20 surface antigen density was estimated for normal and malig- 
nant B cells by measuring the mean fluorescence intensity of cells 
stained in vitro with saturating quantities of fluorescein-conjugated 
anti-CD20 antibody after correcting for nonspecific fluorescence 
with a control reagent." " 

Tumor cell surface antigen phenotypes were determined by both 
immunofluorescence and immunoperoxidase methods using peroxi- 
dase, fluorescein, or phycoerythrin conjugates of MoAbs 10.2 (anti- 
CD5), HBlOa (anti-DR), Gl-4 or 3E10 (antikappa), and 2C3 
(anti-M) as previously described."-" Serial monitoring of these tumor 
cell markers demonstrated that CD20-negative tumor cells were not 
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generated during I FS therapy by antigenic modulation (data not 

CASE HISTORIES 

Patient I was a 42-year-old man with stage IVB diffuse, mixed, 
small and large cell lymphoma who presented in 1982 with fever, 
diffuse lymphadenopathy, and hepatosplenomegaly. Previous ther- 
apy included CHOP (cyclophosphamide, adriamycin, vincristine, 
and prednisone) chemotherapy, intrathecal methotrexate, whole 
brain irradiation, splenectomy, sequential upper and lower hemi- 
body irradiation, and four cycles of bleomycin, cytosine arabinoside, 
vincristine, procarbazine, and prednisone. He was referred for IF5 
therapy in July, 1984 because of refractory disease. He did not 
respond to low-dose 1 F5 and was taken off study after five days of 
infusion because of progressive bone marrow (BM) and liver 
replacement with tumor. Salvage CHOP chemotherapy was given, 
but the patient died of progressive lymphoma on March 16, 1985. 

Patient 2 is a 64-year-old man with stage IVA diffuse, small, 
lymphocytic lymphoma diagnosed by lymph node (LN) and BM 
biopsy in 1976. He received multiple chemotherapeutic regimens 
(CVP, CHOP, chlorambucil, and CCNU, etoposide, and methotrex- 
ate) with partial responses. He was referred for I F5 serotherapy in 
December 1 984, 1 1 months after his last course of chemotherapy. 
He did not respond to low dose I FS but had stable disease that did 
not require therapy until the summer of 1985 when he was begun on 
bleomycin, etoposide, BCNU, and Decadron, to which he remains 
partially responsive. 

Patient 3 was a 63-year-old man with stage IVA diffuse, small, 
cleaved-ccll lymphoma involving lymph nodes, marrow, and spleen. 
Previous therapy included splenectomy, chlorambucil, and CVP. He 
was referred for 1 F5 therapy in December 1984, one month after his 
last cycle of CVP because of the development of refractory disease 
with rapidly progressive adenopathy and lymphocytosis (> 30,000 
ccIIs/mL). He showed a minor response to intermediate dose 1 FS 
therapy. ProMACE/MOPP chemotherapy was given in January 
and February 1985 without response. A partial response occurred 
after therapy with high-dose cytosine arabinoside, but the patient 
died with marrow aplasia in July 1985. 

Patient 4 was a 45-year-old man with sclerosing, diffuse large-cell 
lymphoma presenting in January 1983 with bowel and lymph node 
involvement. Therapy Included eight cycles of CHOP, intrathecal 
methotrexate, involved field abdominal radiation, prophylactic cra- 
nial irradiation, and allogeneic marrow transplantation (in March 
1984). He was referred for 1F5 therapy because of refractory 
lymphoma in late October 1985. He had been on dexamethasone (4 
mg/d) for many months as symptomatic therapy for myalgias, and 
this was continued during serotherapy. After treatment with 1F5 
there was a partial response that lasted six weeks. He then 
redeveloped progressive lymphoma and refused further treatment. 
He expired on December 21. 1985. 

RESULTS 

Serum IF5 levels. Circulating free antibody levels were 
detectable by RIA in all patients throughout the period of 
infusion (Fig 1). Patients 1 and 2 received MoAb doses of 5 
mg/mVd and consistently had 1F5 serum concentrations of 
0.3 to 1.0 ng/mL. Patients 3 and 4 received escalating 
antibody doses and had corresponding increases in 1F5 
levels. For comparable antibody doses the patients with 
circulating antigen-positive tumor cells (1 and 3) had lower 
serum levels of 1 F5 than the patients who did not have 
significant numbers of circulating malignant lymphocytes (2 
and 4, see Fig 1 ), probably reflecting the effect of antibody 
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Fig 1 . Serum 1 FS concentrations in petients receiving contin- 
uous infusions of antibody. MoAb 1FS concentrations were deter- 
mined by solid phase radioimmunoassay. The doses of 1 F5 infused 
in each patient are indicated by the superimposed stippled bars. 
(A), patient 1 : (B), patient 2: (C). patient 3; (O), patient 4. 

binding to tumor cells. Antibody remained detectable in the 
serum for as long as three weeks after termination of infusion 
in patient 4 (peak concentration 1 90 ng/mL). However, 1 F5 
levels fell into the undetectable range within three days of 
termination of infusion in patients I and 2 (peak levels 1 
fig/mL) and within two weeks in patient 3 (peak level 13.4 
Mg/mL). Rough estimates of the serum elimination half- 
times were calculated to be 24 hours for patient 1 (from 0.93 
Mg/mL to .22 Mi/mL in the 48 hours after termination of 
infusion), 42 hours for patient 3 (from 13.4 ^g/mL to 9.0 
ng/mL in 24 hours), and 52 hours in patient 4 (from 179 to 
35.6 Mg/mL over five days). Data for patient 2 were insuffi- 
cient for estimation of a scrum half-life. These elimination 
half-times are in good agreement with previous studies of 
murine anti-CD20 antibodies in nonhuman primates (J. 
Ledbetter, unpublished results) and studies of murine anti-T 
cell antibodies in patients with GVHD." 

CD20 antigen density on tumor cells. Table 2 summa- 
rizes the relative Bp35 surface antigen densities on patient 
lymphoid cells from blood, bone marrow, and lymph nodes as 
determined by direct immunofluorescent analysis. The 
density of this antigen on normal B lymphocyte populations 
is also listed for comparison. Patients I and 4 had CD20 
densities on their malignant cells comparable to those seen on 
normal, resting B lymphocytes (eg, peripheral blood B cells 
and tonsil mantle zone B cells"). Patient 3 had a much 
higher surface antigen density on his lymphoma cells, com- 
parable to that observed on normal, activated B cells (tonsil 
germinal center cells"). Patient 2 had a very low Bp35 
antigen density on his lymph node and bone marrow tumor 
cells with a mean fluorescence intensity only 3.5 times higher 
than control cell populations lacking the antigen. (This 
degree of staining was unequivocally greater than control, 
however.) Patients 2 and 4 had negligible numbers of circu- 
lating tumor cells morphologically, confirming the negligible 
staining with FITC-IF5 seen by immunofluorescence 
(nearly all circulating lymphocytes were T cells in these 
patients). Of interest, the bone marrow of patient 4 was 
grossly involved with tumor but failed to bind FITC-1F5, 
suggesting that an antigen-negative tumor cell variant was 
responsible for infiltration of this tissue. With this single 
exception, the different sites of lymphomatous involvement 
within a given patient showed similar CD20 antigen densi- 
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Table 2. Relative CD20 Antigen Densities on Normal and 



1. Peripheral Blood T cells 

2. Peripheral Blood B cells 

3. Tonsil Mantle Zone B cells 

4. Tonsil Germinal Center B cells 
Lymphoma Patients 

1. Patient IJ 

a. Blood lymphocytes 

2. Patient 2 

a. Bone marrow 

b. Lymph node cells 

3. Patient 3 

a. Blood lymphocytes 

b. Bone man-ow cells 

c. Lymph node cells 

4. Patient 4 

a. Blood lymphocytes (uninvolved) 

b. Bone marrow cells 

c. Lymph node cells 
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'Expressed as the linear channel number of the mean fluorescence 
intensity measured on a FACS IV cell sorter for cells stained with 
saturating concentrations of fluorescein-conjugated anti-CD20 antibody 
by the method of Ledbetter and Clark." 

t Negative control (unstained) cells also showed a mean fluorescence 
intensity of 2. 

JPatient 1 had an unaspirable marrow and no accessible adenopathy, 
so immunofluorescent studies were done solely on circulating malignant 



ties. No definitive conclusion regarding the clinical respon- 
siveness of tumors bearing different surface CD20 densities 
is possible because of the small number of patients treated 
and variable antibody doses administered. 

Effects of IF5 on peripheral blood lymphocytes. Two 
patients (1 and 3) had appreciable numbers of circulating 
malignant cells. In both patients antibody administration 
resulted in an immediate decrease in the number of circulat- 
ing tumor cells (assessed by morphological criteria and by 
surface immunologic phenotypes). Patient I had an 86% 
decline in the number of blood lymphoma cells (from 1 .27 x 
IOVmL to 0.18 X lOV/iL) within four hours of institution of 
1 F5 therapy. Patient 3 had a 9 1 % decrement in circulating 
tumor cells (from 18.21 x IO'/mL to 1.61 x IO'/mL) in the 
same brief time interval (Fig 2). These effects were obtained 
with low doses of antibody in both patients (5 mg/m' and 10 
mg/m^ respectively) and were sustained throughout the 
entire period of infusion (five and ten days). Flow cytometry 
of circulating PBL stained with FITC-GAMIg demon- 
strated saturation of 1 F5 antibody binding sites on tumor 
cells in both patients (although complete saturation in 
patient 3 was only achieved at the higher dose of 100 
mg/m7d. Fig 3). Serial tumor cell surface-antigen pheno- 
typing (using two-color immunofluorescence with reagents 
recognizing other tumor-associated antigens [see Materials 
and Methods]) demonstrated that antigenic modulation did 
not occur (data not shown). In both patients termination of 
1 F5 therapy was accompanied by a rapid reappearance of 




circulating tumor cells that reached pretrcatment levels 
within two to three days (Fig 2). 

Effects of IF5 on bone marrow tumor cells. Patients I , 
2, and 3 had evaluable marrow involvement with lymphoma. 
In patients 1 and 2, antibody doses of 5 mg/m^d were not 
sufficient for saturation of 1F5 antibody binding sites on 
tumor cells in the marrow. Patient 3 received escalating 
doses of I F5 in conjunction with serial marrow aspirations to 
estimate the amount of antibody required for coating of 
tumor cells in the marrow. Serial fluorescence histograms 
(Fig 4) clearly showed that an antibody dose of 10 mg/mVd 
was insufficient (4% saturation of Bp35 binding sites) but 
that 100 mg/mVd could produce significant coating (61% 
saturation of Bp3S binding sites) of marrow tumor cells. 



FITC-GAMIg 




Fluorescence Intensity (Loqioj 

Fig 3. In vivo labeling of circulating tumor cells with 1F5 
antibody in patient 3 as assessed by serial flow cytometry of 
peripheral blood lymphocytes with FITC-GAMIg (to detect mouse 
antibody 1 F5 bound to tumor cells in vivo) and FITC-1 F5 (to detect 
unoccupied Bp3S [CD20] binding sites). Pretreatment PBL stained 
brightly with FITC-1 F5 because of abundant free CD20 sites on 
circulating lymphoma cells. Serial histograms on days 2, 6. and 10 
9 of PBL with 1F5 (detected with FITC-GAMIg). 

I day 10 by absence of 
unoccupied Bp35 receptors capable of binding FITC-1 FB. By two 
:s posttreatment, bound murine MoAb was no longer detect- 
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Fig 4. Penetration of MoAb 1 F5 into bone mar 
during serotherapy as assessed by flow cytometry of mononuclear 
cells from BM aspirates using FITC-GAMIg (to detect cell-bound 
1F6) and FITC-1 FS (to detect unbound Bp35 sites). 



Regression of marrow lymphoma was not seen in any of these 
three patients. 

The marrow of patient 4 was unusual in that it appeared to 
contain tumor cells that did not express the Bp 35 antigen. 
Although marrow aspirates and biopsies contained unequivo- 
cal large cell lymphoma, no tumor cells reactive with FITC- 
1F5 were detected by flow cytometry. In contrast, tumor 
cells in cervical and inguinal lymph nodes had the same 
morphology as the cells in the marrow but reacted strongly 
with antibody IF5 as assessed by both immunoperoxidase 
and immunofluorescence techniques (see Table 2). As would 
be anticipated, infusion of antibody I FS had no effect on the 
antigen-negative tumor cells in the marrow of this patient. 



Effects of IF5 on lymph nodes. Patients 2, 3, and 4 had 
evaluable adenopathy that was biopsied before treatment 
and on the last day of antibody infusion. Immunoperoxidase 
and immunofluorescent analyses showed no penetration of 
antibody IFS into the nodes of patient 2 (who received 105 
mg over ten days). There was minor perivascular penetration 
detectable only by immunoperoxidase methods in patient 3 
(1,032 mg over ten days). In contrast, significant coating of 
tumor cells detectable by both immunoperoxidase and 
immunofluorescence (Figs 5 and 6) was present in patient 4 
(2,380 mg over seven days) with 69% saturation of available 
binding sites. In vitro studies showed that an ambient 1 F5 
antibody concentration of 24 jig/mL was necessary to 
achieve 69% saturation of cell-surface binding sites. Since 
the serum I F5 concentration in patient 4 at the time of his 
lymph node biopsy was approximately 190 ng/mL, we 
estimate that a I F5 antibody gradient of 8: 1 existed between 
serum and lymph node interstitial fluid. 

No clinical response was observed in the nodes of patient 2. 
Some inguinal nodes regressed by 25% in patient 3, but most 
lymph nodes were unafTected. There was marked regression 
of all nodes in patient 4 with a calculated >90% reduction in 
tumor burden (Fig 7). Of note, the diminution of LN size did 
not begin until day 5 of antibody infusion, and progressive 
node shrinkage continued for three weeks after cessation of 
I F5 infusion. The response duration was brief, however, with 
regrowth of LN occurring six weeks after therapy. 

Overall clinical response. Patient 1 had diminution of 





Fig B. Indirect Immunoperoxidase staining of lympli node frozen sections whli GAMIg to detect in vivo labeling of tumor cell* during 
murine MoAb 1F5 serotherapy (original magnifieation x 250). (A) Patient 2: LN biopsy performed on day 10 of therapy while receiving 5 
mg/m'/d of antibody 1F6. Negligible staining indicates absence of penetration of LN by antibody at this dose. (B) Patient 3: LN biopsy 
performed on day 9 of therapy while receiving 100 mg/m'/d of 1FB. Staining of tumor cell* in perivascular locations is present. (C) Patient 
4: LN biopsy performed on day 10 of therapy while receWing 800 mg/m'/d of 1FB. Peroxidase staining is appreciable at this dose, although 
the distribution remains heterogeneous. ID) Saturation of 1FB binding site* in patient 3 by in vitro incubation of an LN section with excess 
1 FS antibody. The section shown in this figure was from the same LN biopsy depicted in Fig 46. 
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Fig 6. Analysis of 1 F5 penetration into LN during serotherapy 
assessed by flow cytometry of LN suspensions. FITC-GAMIg was 
used to detect in vivo coating of tumor cells with antibody 1 FS. 
Patient 2 had only a small subpopulation of LN cells possessing the 
Bp3S antigen (shown with FITC-1FS). No penetration of 1FS into 
LN could be shown with FITC-GAMIg. Virtually all LN cells in 
patient 3 possessed the Bp35 antigen and stained intensely with 
FITC-1F5, but poor in vivo penetration of 1F6 had occurred as 
shown by absence of FITC-GAMIg staining. (Immunoperoxidase 
staining of LN sections was capable of demonstrating soma 
penetration of 1FS into this LN, however [sea Fig 5B]). Patient 4 
had significant penetration of 1F5 into LN as shown by staining 
with FITC-GAMIg. 

circulating tumor cells, but progressive liver and marrow 
lymphoma required premature termination of 1 FS therapy 
and institution of salvage chemotherapy. Patient 2 had no 
response of his evaluable marrow or LN disease. Patient 3 
had a minor response consisting of transient 90% reduction of 
circulating tumor cells and 25% shrinkage of some but not all 
LN but no response in the marrow. Patient 4 had a partial 
response consisting of 90% reduction of all evaluable LN. 

Toxicity. No clinically significant toxicity was observed 
in any of our patients. Patients 1 and 4 had asymptomatic, 
intermittent, low-grade fever (38 to 39 "C) lasting six days 
and two hours, respectively. Transient decrements of platelet 
and neutrophil counts to 50% to 75% of baseline levels were 
observed in all four patients. These changes were rapidly 
reversible in all cases except patient 1, where progressive 
cytopenias were clearly due to marrow replacement with 
tumor. In the other three instances, the blood counts stabi- 
lized after one to two days and often demonstrated some 
recovery, even before discontinuation of antibody infusion. 
No bleeding or infectious episodes occurred during antibody 
treatment. No allergic, pulmonary, renal, hepatic, or cuta- 
neous sequelae occurred. Renal function as measured by 
24-hour creatinine clearance was unchanged after comple- 
tion of antibody therapy. Complement consumption was 
observed in patients 1 (40% reduction of CHjo and C4 levels) 
and 3 (97% reduction of CHjo, 94% reduction of C4 levels), 
but circulating immune complexes could not be detected at 
any time in any patient. 



Fig 7. Reduction in tumor burden in patient 4. A 90% reduc- 
tion in LN volume was observed over a four-week period. 



Effects of IF5 on normal B cells. Attempts to monitor 
numerical changes and functional alterations of normal B 
cells in patients receiving 1 F5 serotherapy (by assessing 
proliferative responses to polyclonal B cell mitogens and in 
vitro Epstein-Barr virus (EBV)-induced immunoglobulin 
synthesis) were precluded by the extremely low numbers of 
normal B cells that could be harvested from these patients 
following antibody infusion. The paucity of B cells was due to 
two factors: baseline deficiency of normal B lymphocytes (a 
common feature of advanced, refractory B cell malignancies) 
and depletion of normal as well as malignant B cells by I F5 
therapy (which has also been documented in normal nonhu- 
man primates infused with anti-CD20 antibodies, [Jeffrey 
Ledbetter, unpublished results]). Quantitative immunoglo- 
bulin levels were carefully monitored in all patients before, 
during, and for up to five months after 1 F5 therapy. Baseline 
hypogammaglobulinemia was present in patients I and 3, but 
no patient demonstrated a decline in any subclass of immu- 
noglobulin consequent to 1 F5 therapy. 

Human antimouse antibody levels. IgM HAMA were 
undetectable by RIA in all patients. Low levels of IgG 
HAMA (2 X pretreatment control levels) became detectable 
five months after serotherapy in patient I only. 



DISCUSSION 

This report summarizes our findings in four patients with 
refractory malignant B cell lymphomas treated with MoAb 
1F5 (anti-CD20) by continuous IV infusion for five to ten 
days. Our study differs from previous serotherapy trials of 
hematologic malignancies by employing an antibody 
directed against a nonmodulating antigen. This feature 
allowed us to maintain continuous high serum antibody levels 
without inducing the tumor refractoriness generally encoun- 
tered with modulating antigens.' The continuous infu- 
sion mode of administration allowed delivery of very high 
doses of antibody (up to 800 mg/m'/d in patient 4) without 
the significant pulmonary toxicity that is often observed 
following bolus injection of high MoAb doses. Serial 
kinetic measurements revealed a dose-dependent relation- 
ship between the amount of antibody infused and the concen- 
tration of free MoAb in the blood stream. We found that 
even low doses of 1F5 (5 to 10 mg/m^d) were capable of 
depleting circulating tumor cells from the blood stream 
analogous to observations made using murine MoAbs TIOl 
(for chronic lymphocytic leukemia) and J5 (for acute lym- 
phocytic leukemia).'""''" However, in contrast to the studies 
with modulating antibodies TIOl and J 5 given by prolonged 
or repeated administration, the responses induced by the 
nonmodulating I F5 were sustained throughout the duration 
of the infusion (five to ten days). 

Although small doses of 1 F5 sufficed to deplete circulat- 
ing tumor cells, penetration of antibody into extravascular 
sites such as bone marrow and lymph nodes proved to be 
much more problematic. Intravenous administration of 400 
to 800 mg/m^d was required to achieve 69% saturation of 
binding sites on lymph node tumor cells. Even at these doses 
the intranodal distribution of antibody was heterogeneous. 
The immunoperoxidase staining patterns observed in LNs 



590 



PRESS ET AL 



suggested passive diffusion of antibody down a concentration 
gradient from small blood vessels into the LN parenchyma. 
The clinical responsiveness observed appeared to correlate 
with 1 F5 dose administered, peak-serum MoAb concentra- 
tion achieved, and degree of extravascular tissue penetration 
obtained. A total dose of 52.4 mg was associated with 
progressive disease (patient I), 104.8 mg resulted in stable 
disease in patient 2, 1,032 mg caused a minor response in 
patient 3, and 2,380 mg produced a partial response in 
patient 4. 

These observations have been made on a very small group 
of patients, each of whom had a different type of B cell 
lymphoma. The degree to which our findings might be 
applicable to other lymphoma patients is unclear, since each 
patient has a different tumor burden and distribution, dif- 
ferent numbers of circulating malignant cells acting to 
absorb infused MoAb, and different surface densities of the 
Bp3S antigen. Consequently, the dose levels and kinetic data 
found in our patients can only serve as a rough guideline for 
the management of other patients with this antibody. Gener- 
alizations from our findings with 1 F5 to other MoAbs should 
be made with caution in light of recent studies demonstrating 
dramatic, unpredictable kinetic and functional differences 
among different antibodies recognizing the same antigen." 

The toxicity seen in these four patients was insignificant. 
Minor fever and moderate cytopenias were the only adverse 
effects observed despite administration of massive doses of 
antibody 1 F5 to patients 3 and 4. Since neither platelets nor 
neutrophils express the Bp35 antigen or label with FITC- 
1 F5, the exact mechanism for the decrement in neutrophil 
and platelet counts is uncertain. It is of interest that similar 
decrements in blood counts have also been observed in 
patients treated with anti-idiotypic antibodies.' Small quan- 
tities of antibody might be absorbed via Fc receptors to these 
cells, which may then be removed from the circulation by the 
reticuloendothelial system. Although the development of 
HAMA has been a major problem in some reported series,'-^' 
antimouse antibodies were detected in only one of our four 
patients, and in this patient they did not appear until five 
months after I FS therapy was completed. These findings are 
in accord with other studies demonstrating that patients with 
B cell malignancies undergoing monoclonal serotherapy sel- 
dom develop HAMA, whereas patients with T cell malignan- 
cies or solid tumors receiving similar treatment often develop 
antimouse antibodies." " 

Previous trials of MoAb serotherapy have also generally 
encountered minimal toxicity.^ The major adverse events 
described to date involved anaphylactoid reactions in 
patients with large circulating tumor cell burdens and/or 
high circulating antigen levels given high doses of antibody 
by rapid bolus injection.'"*'^' These episodes have been 
ascribed to pulmonary leukostasis resulting from sequestra- 
tion of antibody-coated tumor cells in the pulmonary vascu- 
lature leading to wheezing, dyspnea, and hypotension. The 
absence of circulating antigen and the prolonged duration of 
antibody administration in our trial were mitigating factors 
that probably helped avoid these untoward sequelae in our 
patients. 

The relative merits of continuous infusion of MoAbs 



compared with intermittent bolus therapy remain debatable. 
For many antibodies continuous infusion is not feasible 
because of antigenic modulation. In such circumstances 
intermittent therapy is necessary to allow regeneration of cell 
surface antigen. The bolus method is less cumbersome than 
continuous infusion and achieves higher peak MoAb concen- 
trations for equivalent doses. Whether the maintenance of 
uniform high-circulating antibody levels and reduction in 
toxicity achievable with continuous infusion are sufficiently 
advantageous to offset the inconveniences remains unan- 
swered. Nevertheless, maintenance of steady state antibody 
levels in this trial has afforded an advantageous setting for 
kinetic measurements and for the assessment of the scrum 
concentrations required for MoAb penetration into the 
extravascular space. 

The mechanisms by which unmodified MoAbs might 
cause elimination of tumor cells in vivo remain controversial. 
Most workers currently view antibody-dependent cellular 
cytotoxicity and reticuloendothelial system phagocytosis of 
MoAb-coated cells as the most likely processes involved.'" 
Murine MoAbs (including 1F5) fix human complement 
poorly in vitro, and consequently complement-mediated 
tumor cell lysis is not thought to be of major significance in 
vivo. The significant consumption of complement in two of 
our four patients was unexpected and suggests a possible role 
for complement in eliminating tumor cells. 

The short, incomplete responses obtained with serotherapy 
using unmodified MoAbs have been of minimal clinical 
benefit (with the notable exception of the patient described 
by Miller et al).' Consequently, innovative MoAb adminis- 
tration schedules, testing of new antibodies, and administra- 
tion of antibody conjugates will be necessary if the promise of 
monoclonal serotherapy is to be realized. Badger et al have 
already convincingly demonstrated cures of lymphomas in 
mice treated with radioiodinated MoAbs In a setting in 
which unmodified MoAbs were ineffective." Recent clinical 
reports of responses in patients with Hodgkin's disease or 
hepatoma treated with radioiodinated antiferritin antibodies 
suggest that this approach will also be useful in man."-^ 
Radiolabeled MoAbs can potentially kill not only the tumor 
cells to which they bind but could also kill neighboring cells 
that do not bind antibody by virtue of poor tissue penetration, 
antigenic modulation, or somatic mutation ("antigen-nega- 
tive variants"). Toxin-antibody conjugates are similarly 
promising," although antigens such as CD20, which are not 
endocytosed after ligand binding," might not be good targets 
for this approach, since immunotoxin internalization is gen- 
erally required for cell killing." The findings of our current 
pilot study should assist in the rational design of subsequent 
trials employing such radiolabeled or toxin-conjugated 
immunotoxins. 

ACKNOWLEDGMENT 
We thank Mary Gallagher, Marsha Bolton, and Terri McLaren 
for competent assistance in performance of the immunofluorescence 
and immunoperoxidase studies and Anajane Smith for help in 
performance of the radioimmunoassays. We are grateful to Drs H. 
Straley, A. Keller, and S. Speckart for referring patients for these 



ANTIBODY THERAPY OF B CELL LYMPHOMAS 



REFERENCES 



1. Ritz J, Schlossman SF: Utilization of monoclonal antibodies in 
the treatment of leukemia and lymphoma. Blood 59:1, 1982 

2. Oldham RK: Monoclonal antibodies in cancer therapy. J Clin 
OncI:582, 1983 

3. Dillman RO: Monoclonal antibodies in the treatment of can- 
cer. CRC Crit Rev Oncol Hematol 1 ;357, 1984 

4. Bernstein ID, Tarn MR, Nowinski RC: Mouse leukemia: 
Therapy with monoclonal antibodies against a thymus diflerentia- 
tion antigen. Science 207:68, 1980 

5. Badger CC, Bernstein ID: Therapy of murine leukemia with 
monoclonal antibody against a normal diflerentiatlon antigen. J Exp 
Med 157:828, 1983 

6. Miller RA, Oseroff AR, Stratte PT, Levy R: Monoclonal 
antibody therapeutic trials in seven patients with T cell lymphoma. 
Blood 62:988. 1983 

7. Miller RA . Maloney DG, Warnke R, Levy R: Treatment of B 
cell lymphoma with monoclonal anti-idiotype antibody. N Engl J 
Med 306:517, 1982 

8. Meeker TC, Lowder J, Maloney DG, Miller RA, Thielemans 
K, Warnke R, Levy R: A clinical trial of anti-idiotype therapy for B 
cell malignancy. Blood 65:1349, 1985 

9. Ritz J, Pesando JM, Sallan SB, Clavell LA, Notis-McConarty 
J, Rosenthal P, Schlossman SF: Serotherapy of acute lymphoblastic 
leukemia with monoclonal antibody. Blood 58:141, 1981 

10. Foon KA, SchrofT RW, Bunn PA, Mayer D, Abrams PG, Fer 
M, Ochs J, Bottino GC, Sherwin SA, Carlo DJ, Herberman RB, 
Oldham RK: Effects of monoclonal antibody therapy in patients 
with chronic lymphocytic leukemia. Blood 64:1085, 1984 

1 1 . Dillman RO, Shawler DL, Dillman JB, Royston I: Therapy of 
chronic lymphocytic leukemia and cutaneous T cell lymphoma with 
TlOl monoclonal antibody. J Clin Oncol 2:881, 1984 

12. Horibe K, Nadler LM: Human B cell associated antigens 
defined by monoclonal antibodies, in Heise EL (ed): Lymphocyte 
Surface Antigens. New York, American Society for Histocompati- 
bility and Immunogenetics, 1984, p 309 

13. Ledbetter JA, Clark EA: Surface phenotype and function of 
tonsillar germinal center and mantle zone B cell subsets. Hum 
Immunol 15:30, 1986 

14. Nadler LM: B cell/leukemia panel workshop: Summary and 
comments, in: Reinherz EL, Haynes BF, Nadler LM, and Bernstein 
ID (eds): Leukocyte Typing II (vol 2). New York, Springer-Verlag, 
1986, p 3 

1 5. Nadler LM, Ritz J, Hardy R. Pesando JM, Schlossman SF: 
A unique cell surface antigen identifying lymphoid malignancies of 
B cell origin. J Clin Invest 67:134, 1981 

1 6. Clark EA, Shu G, Ledbetter JA: Role of the Bp35 cell surface 
polypeptide in human B cell activation. Proc Natl Acad Sci USA 
82:1766. 1985 

17. Clark EA, Rose LM, Shu G, Dindorf PA. Bernstein ID, 
Ledbetter JA: Quantitative expression and function of diflerentia- 
tlon antigens on normal and malignant lymphoid cells. Haematol 
Blood Transfus 29:455, 1985 

18. Goodman LS. Oilman A: Time course of drug effect: Phar- 
macokinetic principles, in Goodman LS. Oilman A (eds): The 



Pharmacologic Basis of Therapeutics. New York. Macmillan. 1975. 
p23 

19. Remlinger K, Martin PJ, Hansen JA, Doney KC, Smith A, 
Deeg HJ, Sullivan K, Storb R, Thomas ED: Murine monoclonal 
anti-T cell antibodies for treatment of steroid-resistant acute graft- 
versus-host disease. Hum Immunol 9:21, 1984 

20. Dillman RO, Beauregard J, Shawler DL, Markman M, 
Halpern SE, Clutter M, Ryan KP: Clinical trial of 24 hour infusions 
of TlOl murine monoclonal antibody, in Reisfeld RA, Sell S (eds): 
Monoclonal Antibodies and Cancer Therapy. New York, Liss, 1985, 
p 133 

21. Dillman RO, Shawler DL, Sobol RE, Collins HA, Beaure- 
gard JC, Wormsley SB, Royston I: Murine monoclonal antibody 
therapy in two patients with chronic lymphocytic leukemia. Blood 
59:1036, 1982 

22. Letvin NL, Ritz J, Guida LJ, Yetz JM, Lambert JM, 
Reinherz EL, Schlossman SF: In vivo administration of lymphocyte- 
specific monoclonal antibodies in nonhuman primates: I. Efl°ects of 
anti-Tll antibodies on the circulating T cell pool. Blood 66:961, 
1985 

23. Goodman GE, Beaumier P, Hellstrom I, Fernyhough B, 
Hellstrom KE: Pilot trial of murine monoclonal antibodies in 
patients with advanced melanoma. J Clin Oncol 3:340, 1985 

24. Schrofl" RW, Foon KA. Beatty SM. Oldham RK, Morgan 
AC: Human anti-murine immunoglobulin responses in patients 
receiving monoclonal antibody therapy. Cancer Res 45:879, 1985 

25. Shawler DL, Bartholomew RM, Smith LM. Dillman RO: 
Human immune response to multiple injection of murine monoclonal 
IgG. J Immunol 135:1530, 1985 

26. Herlyn D, Lubeck M, Steplewski Z, Koprowski H: Destruc- 
tion of human tumors by IgG 2a monoclonal antibodies and macro- 
phages, in Reisfeld RA. Sell S (eds): Monoclonal Antibodies and 
Cancer Therapy. Liss. 1985, p 165 

27. Badger CC, Krohn KK, Peterson AV, Shulman H, Bernstein 
ID: Experimental radiotherapy of murine lymphoma with "'1- 
labeled anti-Thy 1.1 monoclonal antibody. Cancer Res 45:1536, 
1985 

28. Lenhard RE, Order SE, Spunberg JJ: Isotopic immunoglobu- 
lin: A new systemic therapy for advanced Hodgkin's disease. J Clin 
Oncol 3:1296. 1985 

29. Order SE. Stillwagon GB, Klein JL, Leichner PK, Siegelman 
SS, Fishman EK, Ettinger DS, Haulk T, Kopher K, Finney K, 
Surdyke M. Self S, Leibel S: Iodine 131 Antiferritin, a new 
treatment modality in hepatoma: A radiation therapy oncology 
group study. J Clin Oncol 3: 1 573. 1 985 

30. Vitetta ES. Uhr JW: The potential use of immunotoxins in 
transplantation, cancer therapy, and immunoregulation. Transplan- 
tation 37:535. 1984 

31. Lambert JM, Senter PD, Yau- Young A, Blattler WA. and 
Goldmacher VS: Purified immunotoxins that are reactive with 
human lymphoid cells. J Biol Chem 260:12035, 1985 

32. Press OW, Vitetta ES, Farr AG, Hansen JA, Martin PJ: 
Efficacy of ricin A chain immunotoxins directed against human T 
cells. Cell Immunol 102:10, 1986 



J Clin Oncol. 1989 Aug;7(8):1 027-38. 

Treatment of refractory non-Hodgkin's lymphoma with 
radiolabeled MB-1 (anti-CD37) antibody. 

Press OW, Earv JF . Badger CC, Martin PJ, Appeibaum FR, Lew R . 
Miller R . Brown S. Nelp WB . Krohn KA. et al. 

Department of Medicine (Division of Oncology), Fred Hutchinson Cancer 
Research Center, University of Washington, Seattle. 

The biodistribution, toxicity, and therapeutic potential of anti-CD37 
monoclonal antibody (MoAb) MB-1 labeled with iodine 131 (1311) was 
evaluated in ten patients with advanced-, low- or intermediate-grade non- 
Hodgkin's lymphomas who failed conventional treatment. Sequential 
dosimetric studies were performed with escalating amounts of antibody 
MB-1 (0.5, 2.5, 10 mg/kg) trace-labeled with 5 to 10 mCi 1311. Serial 
tumor biopsies and gamma camera imaging showed that the 10 mg/kg 
MoAb dose yielded the best MoAb biodistribution in the ten patients 
studied. Biodistribution studies in the five patients with splenomegaly and 
tumor burdens greater than 1 kg indicated that not all tumor sites would 
receive more radiation than normal organs, and these patients were 
therefore not treated with high-dose radioimmunotherapy. The other five 
patients did not have splenomegaly and had tumor burdens less than 0.5 
kg; all five patients in this group showed preferential localization and 
retention of MoAb at tumor sites. Four of these patients have been treated 
with 1311 (232 to 608 mCi) conjugated to anti-CD37 MoAb MB-1, 
delivering 850 to 4,260 Gy to tumor sites. Each of these four patients 
attained a complete tumor remission (lasting 4, 6, ^^+, and 8+ months). A 
fifth patient, whose tumor did not express the CD37 antigen, was treated 
with 1311-labeled anti-CD20 MoAb 1F5 and achieved a partial response. 
Myelosuppression occurred 3 to 5 weeks after treatment in all cases, but 
there were no other significant acute toxicities. Normal B cells were 
transiently depleted from the bloodstream, but immunoglobulin (Ig) levels 
were not affected, and no serious infections occurred. Two patients 
required reinfusion of previously stored autologous, purged bone marrow. 
Two patients developed asymptomatic hypothyroidism 1 year after 
therapy. The tolerable toxicity and encouraging efficacy warrant further 
dose escalation in this phase I trial. 

PMID: 2666588 [PubMed - indexed for MEDLINE 
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REVIEW 

Immunologic Classification of Leukemia and Lymphoma 

By Kenneth A. Foon and Robert F. Todd, III 



Important insights into leuicocyte differentiation and the 
cellular origins of leukemia and lymphoma have been 
gained through the use of monoclonal antibodies that 
define cell surface antigens and molecular probes that 
identify Immunoglobulin and T cell receptor genes. Results 
of these studies have been combined with markers such as 
surface membrane and cytoplasmic immunoglobulin on B 
lymphocytes, sheep erythrocyte receptors on T lympho- 
cytes, and cytochemical stains. Using all of the above 
markers, it is now clear that acute lymphoblastic leukemia 
(ALL) is heterogeneous. Furthermore, monoclonal antibod- 
ies that identify B cells, such as the anti-BI and anti-B4 
antibodies in combination with studies of immunoglobulin 
gene rearrangement, have demonstrated that virtually all 
cases of non-T-ALL are malignancies of B cell origin. At 
least six distinct subgroups of non-T-ALL can now be 
identified. T-ALL is subdivided by the anti-Leu-9, anti- 
Leu-1 , and antibodies that separate T lymphocyte subsets 
into three primary subgroups. IMonoclonal antibodies are 
also useful in the subclassification of non-Hodgkin's lym- 
phoma, and certain distinct markers can be correlated with 
morphologic classification. The cellular origin of the malig- 
nant Reed-Sternberg cell in Hodgkin's disease remains 
uncertain. A substantial number of investigators favor a 
myelocyte/macrophage origin based on cytochemical 

RECENT ADVANCES in immunology have led to 
important insights into leuicocyte differentiation and 
the cellular origin of leukemia. It is now possible to define 
stages of human lymphocyte and granulocyte differentiation 
precisely using highly specific monoclonal antibodies that 
define cell surface antigens and molecular probes that iden- 
tify rearrangement of immunoglobulin and T cell receptor 
genes. These can be combined with more traditional cell 
markers such as surface membrane (Smig) and cytoplasmic 
immunoglobulin (Clg) on B lymphocytes, sheep erythrocyte 
receptors on T lymphocytes, and cytochemical stains. In this 
review, we summarize advances in the classification of 
leukemia and lymphoma and their importance in our under- 
standing of normal leukocyte differentiation and therapeutic 
implications. 

CELL MARKERS 
B lymphocytes. B lymphocytes are usually identified by 
the presence of SmIg. Progenitors of B lymphocytes, com- 
monly referred to as "pre-B cells," are present in fetal liver 



staining: however, consistent reactivity with antimonocyte 
reagents has not been demonstrated. Although monoclonal 
antibodies are useful in distinguishing acute myeloid from 
acute lymphoid leukemies, they have less certain utility in 
the subclassification of acute myelogenous leukemia 
<AML). Attempts to subclassify AML by differentiation- 
associated antigens rather than by the French-American- 
British (FAB) classification are underway in order to docu- 
ment the potential prognostic utility of surface markers. 
Therapeutic trials using monoclonal antibodies in leukemia 
and lymphoma have been reported. Intravenous (IV) infu- 
sion of unlabeled antibodies is the most widely used 
method; transient responses have been demonstrated. 
Antibodies conjugated to radionuclides have been quite 
successful in localizing tumors of <1 cm in some studies. 
Therapy trials with antibodies conjugated to isotopes, 
toxins, and drugs are currently planned. Purging of autolo- 
gous bone marrow with monoclonal antibodies and 
complement in vitro has been used in ALL and non- 
Hodgkin's lymphoma; preliminary data suggest that this 
approach may be an effective therapy and may circumvent 
many of the obstacles and toxicities associated with in vivo 
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and normal bone marrow; the cells display cytoplasmic 
M-heavy chain (C/i) but lack intracytoplasmic light chain and 
SmIg. B and pre-B lymphocytes may also have receptors for 
the third component of complement (C'3) and for the Fc 
portion of IgG. Fc and C'3 receptors are not specific for the B 
cell lineage and are found in other cells such as monocytes 
and some nonhematopoietic cells. Similarly, histocompatibil- 
ity-related antigens (la or HLA-DR) are also found on the 
surface of B cells, but are not unique to them.'~* Plasma cells 
are the most mature B lymphocytes; they lack detectable 
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FMC1 llgM) 
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Anti-BI (IgGj) 
Anti-B2 (IgM) 

Anti-B4 (IgG,) 
Anti-BS (IgM) 
P1 153/3 
0KB 1 (IgG,) 
0KB2 (IgG,) 
0KB4 (IgM) 
0KB7 (IgG,.) 
Antl-HLB-1 (IgG,.) 
41 H.I 6 (IgG,.) 
Anti-6L1 (IgG,) 



Anti-PCA-1 (IgG,.) and 

antl-PCA-2 (IgG,) 
Anti-PC- 1 (IgM) 
LN-1 (IgM) 
LN-2 (IgG,) 

HD6, HD39. 29-1 10 

SJ10-1H11,SHCL-1 
MNM6, PL-13, Blast-2 



8 lymphocytes, granulocytes m 
6 lymphocytes, malignant B cells 
< 50% B lymphocytes, some malignant B cells 
B lymphocytes, malignant B cells 
B lymphocytes, malignant B cells (receptor for Epstein- 
Barr virus and C3d) 



Activated B lymphocytes. 



B lymphocytes, malignant B cells 
B lymphocytes, granulocytes 
B lymphocytes, malignant B cells 
B lymphocytes, malignant B cells 
B lymphocytes, malignant B cells 
B lymphocytes, malignant B cells 
Subpopulation of B lymphocytes, malignant B cells, 
granulocytes 

B lymphocytes, malignant B cells, activated T cells 
Subpopulatkms of B lymphocytes, some malignant B 



cytes and granulocytes 



B lymphocytes, malignant B cells, epithelial 
B lymphocytes, 
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75%of B 



n resting B cells, s 



CD22 
CD23 
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The anti-B series, ami PC- 1 , and ami PCA- 1 are available through Coulter Immunology, 
0KB series through Ortho System. Inc, Raritan N J. 



Hialeah, Fla; BA-1 through Hybritech Inc, San Diego: and the 
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(Lyt-3) 

3A1, anti-Lou-9 (4H9), WT1, 4A 
0KT4, anti-T4, anti-Leu-3 
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Anti-Ta, 
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Smlg but have CIg. Unlike the CIg found in pre-B lympho- 
cytes, CIg in plasma cells includes both heavy and light 

A number of heteroantisera and, more recently, mono- 
clonal anitbodies that identify B cell-associated antigens 
have been described (Table 1).*"^^ Where applicable, the 
nomenclature and clusters of differentiation (CD) defined by 
the Second International Workshop on Human Leukocyte 
Differentiation Antigens are shown.^'"" 

T lymphocytes. T lymphocytes were initially identified 
by their ability to bind sheep erythrocytes spontaneously. T 
lymphocytes also react with T cell-specific antisera and 
anti-T cell monoclonal antibodies, which may also be used to 
identify T lymphocytes, and have proven to be more sensitive 
and discriminatory (Table 2)."^' Many of these antibodies 



react with immature T cells; others react with more mature T 
cells. Some of these antibodies identify antigens found on all 
T cells, whereas others occur only on T cell subsets. 

Myeloid cells. Monoclonal antibodies to cell suface 
markers on peripheral blood myeloid cells and their bone 
marrow progenitors have been extensively investigated.""'" 
Some of these monoclonal antibodies detect antigens 
expressed by either peripheral blood monocytes or neutro- 
phils. Other reagents identify surface markers common to 
monocytes and neutrophils; monocytes, neutrophils, and 
large granular lymphoid cells (LGL); monocytes and plate- 
lets; or neutrophils and LGLs (Table 3). 

The expression of several monoclonal antibody-defined 
myeloid antigens corresponds to pathways of normal differ- 
entiation within the myeloid lineage. These antibodies are 



Table 3. Reprasentativa Murina Monoclonal Antibodies That identify Human iMyaiold Cell Surface Antigens: 
Distribution of Antigen Expression Among Periplieral Blood Calis 



Mo2 

(CDwU.SS)"-*** 
Mo3" 

UC45 (45)" 

UCHM1 (CDw14)" 



MY3 (55I" 
MY4 (CDw14)" 
MYS" 
D5D6" 
C10H5" 

63D3 or antimono- 
cyte.1 (200)"'' 

61D3orantlmono- 
cyte .2 (75)'* 



B40.9" 

R1B19 (145,105)" 
82H5 (C015)t" 
aOH.S" 
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VIM-D5 

(CD16,145,105)§" 

FMC 10(CD15)§" 
FMC 12(CD15)§" 
FMC 13(COw15)" 
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MY-lf"" 

PMN6" 
PMN29*' 
PMN 7C31I" 



MY7 

(CDW13.160)" 
MY8'* 

Mo5 (CD 1 1 ,94)*« 



AML-2-23*' 
PM-81" 
1G10(C015)§" 
M206(180)'* 



84-7(150)'"" 
AHN-7II"" 



Mol 

(C011,155.94)t"" 
0KM1 

(CD11,155.94)t"*"'' 
0KM9 

(CD 11, 155,94)1"* 
OKM10 

(CD11.165.94)t"* 
B43.4"*' 

aS-HCL 3 or anti-Leu 
M5(CDw14, 150, 95)"" 



Mo4(100)" 

20.3 (CDw14)"^ 
0KM5 (88)'°* "° 
5F1 

(CDw14,85)*'"" 
MPA (135,93)"' 
SmO" 



B73.1 

(60-70)t"» 
VEP13 

(CD 16)"' 



MOP- 15 (CDw14)" 

MOP-9 Of anti-Leu- 

M3 (CDwU)" 
Mac-120oranti-Leii- 
M2(120)" 

B44.1 (55)" 
IDS" 

PHM3 (50)" 
4F2 (40,80)'"'" 
FMC17 (CDwU)"' 
•Antibody/antigen (cluster designation [CD], antigen mol w 
tAnti-C3bi receptor antibodies. 
JAnti-Fc receptor antibody. 

§Antibodies bind to X-hapten, lacto-/V-fucose-pentaosyl III. 

llAntibody immunoprecipitates broad band of 28 to 65 kd on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
HAntibody immunoprecipitates two broad bands of 1 55 to 288 and 75 to 1 25 kd on SDS-PAGE. 



DUHL60.1 
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DUHL60.3 
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Table 4. Repmentativ* Murine Monoclonal Antibodies That Identify Human Myeloid Differentiation Antigens 



1 H I i 1 1 1 \ 1 iWi 1 1 1 i i 1 1 i 1 1 



PromyelocytB 

Myelocyte 

Metamyelocyte 



EiythrocYte 
CFU-Maga 



therefore useful as tools for identifying hematopoietic cells at 
various stages of maturation and proliferative potential 
(Table 4 and Fig 1). Using either complement-dependent 
monoclonal antibody-mediated lysis (negative selection), or 
techniques such as fluorescence-activated cell sorting or 
immune resetting (positive selection), it is possible to deter- 
mine patterns of antigen expression by mullipotent stem cells 
(CFU-GEMM) and by stem cells committed to the myeloid 
(CFU-GM), erythroid (BFU-E. CFU-E), or megakaryo- 
cyte/platelet (CFU-Mega) pathways of differentiation. In 
several reports, myeloid progenitor cells have been purified 
50- to 100-fold from bone marrow mononuclear cells" '" 
enabling studies of morphologic and functional characteris- 
tics. Certain determinants are uniquely expressed by progen- 
itor cells (eg, MY- 10); other antigens are detectable on 
myeloid, erythroid, or platelet precursors corresponding to 



morphologically and histochemically distinct stages of matu- 
ration within the bone marrow. In the case of neutrophil 
differentiation, some antigens are either lost (la, MY-10) or 
acquired (Mol, MY8, 80H.3, or B34.3) as cells progress 
from myeloblasts to mature neutrophils. Expression of other 
determinants (82H5, R1B19, S4-7) are maintained on all 
recognizable myeloid cells. 

Although many of these antigenic determinants operation- 
ally serve as differentiation markers, some represent epitopes 
on functionally significant plasma membrane proteins, gly- 
coproteins, and glycolipids. The glycoprotein heterodimer 
identified by the murine monoclonal antibodies Mol and 
OKMl is a receptor for the binding of particles opsonized 
with C3 cleavage product C3bi (CR3 activity).'" '" Anti- 
bodies B73.I and 3G8 identify an Fc receptor for IgG that is 
expressed by LGL and/or neutrophils."'"^ Data from immu- 
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JS. BA-3, anti-CALLA 



RFB-1 

BA-2, SJ-9A4 Du-ALL-1 



Most non-T-ALL, Burkitt's lymphoma, 
follicular lymphoma, some lympho- 
blastic lymphoma and T-ALL. rare 



progenitor cells, most non-T-ALL, 



ie non-T-ALL, rare AML vi- 



1, Fla; BA-2 and BA-3 through Hybritech Inc. San Diego. 



noprecipitation or immunoblotting analyses indicate that 
several of these antibodies are specific for epitopes on the 
same parent structure or even the same epitope. 

Leukemia-associated antigens. The common acute lym- 
phoblastic leukemia-associated antigen (CALLA) was origi- 
nally defined by antiserum produced in rabbits by immuniza- 
tion with Smig-negative, sheep erythrocyte rosette-negative 
acute lymphoblastic leukemia (ALL) cells.'" This antiserum 
reacted with a 100 kd glycoprotein antigen. Monoclonal 
antibodies that recognize CALLA (CD 10) have recently 
been described (Table 5).'"'^' Although CALLA is absent 
on normal peripheral blood lymphocytes, it is not leukemia 
specific, and is present on normal terminal deoxynucleotidyl 
transferase (TdT) and la antigen-positive bone marrow cells 
that are thought to be lymphohematopoietic precursor 
cells.'^^ CALLA has also been identified on renal tubular and 
glomerular cells, mammary epithelium, fetal small intestine 
epithelial cells,'" granulocytes,'" fibroblasts,"* and mela- 
noma cell lines.'" CALLA is also present on Burkitt lym- 
phoma cells, follicular lymphoma cells, and cells from 40% of 
patients with lymphoblastic lymphoma.'^ 

P24/BA-2 is a second leukemia-associated antigen with a 
mol wt of 24 kd defined by the BA-2,'" SJ-9A4,'" and 
DU-ALL-1'" monoclonal antibodies (CD9). These antibod- 
ies do not react with any normal circulating hematopoietic 
cells except for platelets. They react with most non-T ALL 
cells and, like CALLA, the P24/BA-2 antigen is present on 
~3% to 9% of sheep erythrocyte receptor and Smlg negative 
TdT positive bone marrow mononuclear cells. This may also 
represent a bone marrow-derived lymphoid progenitor cell. 
The anti-J2 antibody'*" has a similar pattern of reactivity as 
do the BA-2, SJ-9A4, and DU-ALL-1 antibodies. The J2 
antigen is also present on activated normal T lymphocytes 
and may react with the same surface molecule as BA-2. The 
RFB-I antibody likewise reacts with immature lymphoid 
cells in the bone marrow,'*' but differs from BA-2 in its 
reactivity with myeloid progenitor cells.'*' '*^ The anti-3-3, 
anti-3-40,'*''** SNl,'*' and CALL2'** antibodies identify 
antigens found on T-ALL cells but not generally on non- 



T-ALL or other malignant or normal hematopoietic cells. A 
summary of the most frequently referenced antibodies and 
their cluster designations is presented in Table 6. 

Immunoglobulin and T cell receptor genes. Recombi- 
nant DNA technology has provided important insights into 
antibody diversity and antigen-specific T cell receptors.'*' '** 
Immunoglobulins are composed of heavy and kappa and 
lambda light chains, encoded by genes on chromosomes 1 4, 2, 
or 22, respectively.'**"'" Immunoglobulin genes are encoded 
by discontinuous segments of DNA.'""'" At one point in 
development, a potential antibody-producing cell must pro- 
ductively rearrange variable, diversity, and joining genes 

Table 6. Frequently Referenced Antibodiae with 
Cluster Designations 



Oustar Dasignation Antibody 

CD1 0KT6, anti-Leu-6, NA1/34 

C02 0KT11,anti-T11,anti-Leu-5, 9.6 

CDS 0KT3, 8nti-T3, anti-Leu-4, UCHT-1 

CD4 0KT4, anti-T4, anti-Leu-3 

CD5 0KT1, anti-TI, anti-Leu-1, 10.2, T101 

CD6 12.1,1411 

CD7 anti-Leu-9, 3A1, WT1, 4A 

CDS 0KT5, 0KT8, anti-T8, anti-Leu-2 

CD9 BA-2, SJ-9A4, Du-ALL-1 

C0 1 0 JS, BA-3, anti-CALLA 

CD11 Mo1/0KM1,Mo5 

CDw12 20.2 

CDw13 DUHL60.4, MY7 

CDw14 Mo2, MY4, MOP-15, FMC 17 

CD 1 5 FMC 1 0, VIM-D5, DUHL60. 1 

CD16 VEP13 

CDw17 T5A7 

CD 19 anti-B4 

CD20 anti-BI 

CD21 anti-B2 

CD22 SHCL-1,HD6,HD39, 29-110 

C023 PL13,MNM6,Blast-2 

CD24 BA-1 

CD25 anti-Tac 



6 



FCX)N AND TODD 



(VDJ), which are then linked to the constant region locus. 
Immunoglobulin gene rearrangements are hierarchical; /t 
heavy chain rearrangements precede light chain rearrange- 
ments, and K light chain rearrangement precedes X light 
chain rearrangements.'"""' These rearrangements can be 
detected by Southern blot analyses of DNA from B cells 
using appropriately radiolabeled heavy or light chain probes. 
Heavy chain rearrangements have been identified in non-B 
cells, but light chain rearrangements appear to be restricted 
to B cells.'" '""" Clonal rearrangements of light chain genes 
are therefore an extremely sensitive tool to identify B cell 
malignancies. 

The antigen-specific T cell receptor is a heterodimer 
formed by a 40- to 50-kd a subunit (Ta), and a 40- to 45-kd /3 
subunit (T/3).'" It is associated with three 20- to 25-kd 
peptide chains identified by the T3 monoclonal antibody.'" 
Recently, cDNA clones to the T0 and Ta receptors have 
been isolated."*'"* The human T|8 receptor gene has been 
localized to chromosome 7"' and the human Ta receptor 
gene maps to chromosome 14."* The less well-defined T7 
receptor gene is currently under investigation. The T cell 
receptor genes undergo rearrangements in a fashion analo- 
gous to that of immunoglobulin genes. The T7 receptor gene 
has been shown to be rearranged in murine cytotoxic T 
lymphocyte cell lines but not myeloma cell lines.'" Similar to 
the T0 chain gene, the T7 gene rearrangement appears to 
occur early in T cell development, whereas Ta chain expres- 
sion occurs later in thymic ontogeny."" 

T^ gene rearrangements have been detected in malignant 
human T cells by Southern blotting.'""'" This technique can 
detect as few as 1% tumor cells in a mixed cell population'^'; 
it is a sensitive diagnostic marker for T cell diseases. Rear- 
rangements of the T/9 antigen receptor are reported in 25% of 
patients with non-T ALL,'^* and in a small proportion of 
patients with B cell leukemia.'^' This is similar to the 
rearrangement of immunoglobulin heavy chain genes in 10% 
of patients with T cell leukemia.'""*' 

Intracellular enzymes and biochemical markers. TdT is 
present in thymocytes and in a small percentage of bone 
marrow cells, but not in mature lymphocytes.'"'" TdT is 
identified in all subtypes of ALL and is, therefore, not 
discriminative. TdT has also been demonstrated in a small 
proportion of acute myelogenous leukemia (AML) cells.'" 
Other intracellular enzymes reported useful in identifying 
subsets of ALL include hexosaminidase, adenosine deami- 
nase,'*" 5'-nucleotidase,'*' purine nucleoside phosphory- 
lase,'"'" and acid phosphatase."* Acid phosphatase is 
present in T-ALL cells but not in non-T-ALL cells. Cyto- 
chemical reactions are useful in the subclassification of 
AML.'"'" The Ml through M3 myeloid subtypes contain 
myeloperoxidase and sometimes nonspecific esterase. Myelo- 
monocytic leukemia cells (M4) also contain myeloperoxidase 
and nonspecific esterase; the latter is variably inhibited by 
sodium fluoride. Acute monocytic leukemia (MS) cells con- 
tain myeloperoxidase and nonspecific esterase which is com- 
pletely inhibited by sodium fluoride. 

Several surface membrane-associated biochemical mark- 
ers of leukemia cells have also been described. The glycolipid 
asialo GMl is found on cells from patients with ALL 



(non-T-ALL and T-ALL) but not on cells from patients with 
other forms of leukemia.'" Alterations in membrane carbo- 
hydrates, such as decreased complex gangliosides,"' carbo- 
hydrate-containing antigens,"' and receptors for cholera 
toxin"" have been reported on leukemia cells. 

CLASSIFICATION OF THE LYMPHOID LEUKEMIAS 
AND LYMPHOMAS 

Acute lymphoblastic leukemia. ALL is heterogeneous. 
The first surface markers used to dilTerentiate subclasses of 
ALL were receptors for sheep erythrocytes,'" '" which 
identify a T cell subset (15% to 20% of cases), and Smig, 
which identifies a B cell subset (<5% of cases). Both T and B 
cell subgroups have an unfavorable prognosis."* '" The next 
important advance in identifying ALL was the development 
of an antiserum to CALLA.'*' CALLA reactivity identified 
a non-B, non-T subclass of ALL patients (-70% of cases) 
with a more favorable prognosis than T-ALL, B-ALL, or 
non-B, non-T-ALL without CALLA.'" Other markers such 
as la antigen were commonly found on non-T-ALL and 
could help differentiate non-T-ALL from T-ALL."* By 
testing for Cn heavy chain, a subset designated pre-B ALL 
has been identified."'"'" Except for the presence of C/i, this 
subset expresses the same surface markers as the CALLA 
form of non-T-ALL; it appears, however, to have a less 
favorable prognosis.*"" 

With the development of monoclonal antibodies, it became 
evident that the T cell subset of ALL was heteroge- 
neous."'"*" More recently, studies employing immunoglobu- 
lin gene rearrangements and monoclonal antibodies that 
identify B cell-associated antigens have demostrated that 
most cases of non-T-ALL are derived from the B cell 
lineage."*'"*"** We review these data and present a new 
classification for ALL based on these recent observations. 

Non-T-ALL Two important areas of research have 
prompted a reassessment of non-T-ALL. First, monoclonal 
antibodies that recognize B cell-associated antigens have 
been identified; many are present on non-T-ALL cells. The 
most specific of these antibodies is probably anti-B4, which 
react with 95% of cases of non-T-ALL." *"* Second, clonal 
rearrangements of immunoglobulin genes provide strong 
evidence for the B cell lineage of most cases of non-T- 
ALL."***"" 

Although la antigen is present on most non-T-ALL cells, 
and CALLA is present in 75% of cases of non-T-ALL, these 
antigens are also identified on ~10% of cases of T-ALL. 
Therefore, B cell-associated antigens (Table 1), which are 
not identified on T-ALL cells, are the most useful in distin- 
guishing non-T-ALL. The Bl and B4 antigens are model 
antigens for this discussion. 

Less than 5% of cases of ALL express SmIg (usually 
IgM); these cells are typically classified as B-ALL. These 
cells generally express other B cell antigens, including Bl 
(CD20), B4 (CD 19), and la. B-ALL in children is probably 
a leukemic phase of non-Hodgkin's or Burkitt's lympho- 
ma.'""* Another marker that identifies a subset of non- 
T-ALL is Cm heavy chain; k and X light chains and SmIg are 
typically absent."' These cells are considered pre-B cells. As 
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indicated, most cases of non-T-ALL cells of B lineage; thus 
CpL is useful in determining the level of differentiation. Pre-B 
cells that synthesize n heavy chain are more mature than 
those pre-B cells that do not synthesize n heavy chain, but are 
less mature than those with Smig. 

Nadler and co-workers^"' recently classified 138 patients 
with non-T-ALL. They divided these cases into four major 
subgroups. The first subgroup was la antigen positive, repre- 
senting 5% of cases. Another subgroup expressed the la and 
B4 antigens, representing 1 5% of cases. The third subgroup 
expressed the la, B4, and CALLA antigens, comprising one 
third of the cases. Finally, one half of the cases of non- 
T-ALL were la, B4, CALLA, and Bl positive. The fourth 
group was further subdivided into cases with and without C/i. 
We propose that cases with Cm be placed in a separate group 
(group V). The final and most differentiated group, group 
VI, represents Smig-positive B-ALL (Table 7). 

Nadler and co-workers^"' also studied immunoglobulin 
gene rearrangements in cells from patients in groups 11, III, 
and IV. Patients in group II (la and B4 positive) demon- 
strated rearranged heavy chain genes, with germ lines for 
both K and X light chain genes. Based on these data, they 
hypothesized that the group II phenotype represents the 
earliest stage in B cell maturation. Patients in group III had 
rearranged heavy chain genes and most had k light chain 
gene recombination, either rearrangement or deletion. 
Patients in group IV had rearranged heavy chain genes; two 
of four had deletions of «. 

Virtually all non-T ALL cells have immunoglobulin heavy 
chain rearrangement; not all of them, however, demonstrate 
light chain rearrangements. Because heavy chain rearrange- 
ments also occur in non-B cells'"'"" immunoglobulin heavy 
chain rearrangements are insufficient to assign non-T-ALL 
to the B cell lineage. Nadler and co-workers have proposed 
that the B4 antigen provides the most important independent 
parameter with which to identify B cell-derived non-T cell 
ALL. More recently, up to 25% of non-T ALL have been 
reported to have rearrangements of the T|8 receptor."* This 
observation emphasizes the necessity of combining DNA 
genotyping and surface marker analyses for more precise 
classification of leukemia and lymphoma. The remaining 5% 
of morphologically and cytochemically defined non-T cell 
ALLs (group I), which express the la but not the B4 antigen, 
most likely represents the earliest stage of pre-B cell differen- 
tiation. This hypothetical scheme of early B cell differentia- 
tion is further supported by data demonstrating that all of 
the proposed ALL subgroups can be identified in normal 
fetal liver and bone marrow and in normal adult bone 
marrow."* 

Table 7. Classification of Non-T-ALL 



Surface Membrane 

Group la B4 CALLA Bl Cytoplasmic >i Immunoglobulin 



III + + + - 

IV + -I- + + 

V + + + + + 

VI + + +/- + - + 



T-ALL. T-ALL represents 1 5% to 25% of cases of ALL. 
Clinical features associated with T-ALL include a high blast 
cell count, predominance of older male patients, and medias- 
tinal masses. T-ALL was originally identified by rosetting 
with sheep erythrocytes. The most sensitive marker for 
T-ALL is probably the pan-T 40 kd antigen identified by the 
anti-Leu-9 antibody (CD7). This antigen is present on most 
thymocytes and T cells but not on non-T-ALL or B cell 
lymphomas or leukemias."^' In a study of 23 patients with 
T-ALL, all cases expressed the Leu-9 antigen.** Although it 
was previously reported that anti-Leu- 1 (CDS) is the most 
sensitive marker for T-ALL,*^*" three of these 23 patients 
whose cells were anti-Leu-9 positive were negative with 
anti-Leu- 1 .** Anti-Leu-9 reacts with a small proportion of 
cases that appear to be myeloid leukemias.^'" In addition, an 
unusually high incidence of CALLA, la, and BA-2 expres- 
sion has been reported in adults with T-ALL. ^" Recently, 
rearrangement of the Ifi receptor gene in cases of T-ALL 
has been reported.'""'" Two cases of T-ALL with the 
phenotype of early thymocytes were reported to have no 
rearranged Jfi receptor genes, suggesting that T/3 rearrange- 
ment may occur later in thymocyte development.^'^ 

Further subclassilication of T-ALL is controversial. Rein- 
herz and colleagues proposed a subclassilication for T-ALL 
according to the level of thymic differentiation.™' Several 
elements of their subclassification of T-ALL have been 
confirmed; others are controversial. The most primitive 
thymocytes, referred to as early or stage I thymocytes, react 
with T9 and TIO antibodies and account for -10% of the 
thymic cells. In their study, Reinherz and co-workers 
reported that most T-ALL cells express antigens found on 
early thymocytes. The next level of thymic differentiation, 
which includes the majority of thymocytes, is referred to as 
common or stage 11. These cells lose T9, retain TIO, and 
acquire T6 (CDI), T4/Leu-3 (CD4), and T8/Leu-2 (CDS) 
antigens. Approximately 20% of cases of T-ALL express this 
phenotype. Mature stage III thymocytes no longer express 
T6 but segregate into T4/Leu-3 or T8/Leu-2 subsets similar 
to peripheral blood T lymphocytes. Only rarely did Reinherz 
and colleagues find T-ALL cells with the phenotype of 
mature thymocytes or circulating T lymphocytes. In a more 
recent study. Roper and coworkers^"* confirmed many of the 
findings reported by Reinherz and colleagues, but reported 
some major differences. In this study, only one third of the 
T-ALL patients had the phenotype of early or stage I 
thymocytes; most had the phenotype of either intermediate 
or late stage thymocytes. 

In Table 8, we summarize these data and propose a 
scheme for the classification of T-ALL. The common marker 
for all of the subgroups is Leu-9. Nearly all cells also express 
Leu-I and most express Tl 1 /Leu-5 (CD2) that identifies the 
receptor for sheep erythrocytes. Cells in subgroup I also 
express T9 and/or TIO. The pan T antigen, identified by 
T3/Leu-4 (CD3), represents a mature antigen and is not 
found on group I cells. The T4/Leu-3 helper-associated 
antigen, the T8/Leu-2 suppressor-associated antigen, and 
the T6 antigen are not expressed on group I cells. 

The next level of differentiation is group II. T9 is found on 
some cells;^ however, the T6 antigen as well as the simulta- 



8 



FOON AND TOOO 



+ (90%) 
+/-t 



neous expression of T4/Leu-3 and T8/Leu-2 antigens 
clearly distinguish group II from group 1. Some cells in group 
II may also express T3/Leu-4. Group III T-ALL cells lose 
the T6 antigen and segregate into ceils that have the pheno- 
type of mature thymocytes and T lymphocytes (T3/Leu-4, 
T4/Leu-3 or T3/Leu-4, T8/Leu-2). 

Although Roper and co-workers^*** searched for clinical 
correlations among these three groups of T-ALL, they found 
no unique clinical features among the subgroups and no 
differences in remission duration or survival. However, the 
groups were too small for statistically valid conclusions. 
Presently, we believe it useful to subclassify T-ALL using 
this system, so that data from a number of institutions can be 
analyzed for clinical correlations between the subgroups of 
T-ALL (Table 8). 

Non-Hodgkin's lymphoma. The non-Hodgkin's lym- 
phomas are a diverse group of neoplasms whose pathologic 
classification is controversial. It is even more difficult to 
correlate pathologic classification with immunologic classifi- 
cation. Several immunologic patterns emerge, however, and 
we will attempt to place them within the non-Hodgkin's 
lymphoma working classification^" as well as the Rappaport 
classification.^'*-^" 

Follicular or nodular lymphomas. The follicular or 
nodular lymphomas most likely represent neoplastic prolifer- 
ation of lymph node-derived follicular center B lymphocytes. 
The cell type may be a small cleaved cell (nodular lympho- 
cytic poorly differentiated lymphoma by the Rappaport 
classification), mixed small cleaved and large cleaved or 
noncleaved cells (nodular mixed), or predominantly large 
cell (nodular histiocytic). The first two cell types fall within 
the working classification as low-grade lymphoma, whereas 
the latter cell type is classified as an intermediate-grade 
lymphoma. Although the predominantly small cleaved cell 
will almost always express high-density monoclonal Smig, 
larger cells may be SmIg negative.^'"" However, the small 
cleaved and large cells will routinely express la, B4, and 81 
antigens and will often express the 82 antigen.^" More than 
half of these cases will also express CALLA.^"'^" Follicular 
lymphoma cells may be found in the peripheral blood as a 
"leukemic" phase of the disease (formerly referred to as 
lymphosarcoma cell leukemia). These cells can usually be 
differentiated from chronic lymphocytic leukemia (CLL) 
cells because they may express CALLA, which is not 
expressed on CLL cells; they do not express the Tl/Leu-I 
pan-T antigen found on CLL cells; and they generally will 
have a low percentage of mouse erythrocyte rosette forma- 
tion (see below).^"-^^ 



Malignant lymphoma, small lymphocytic. Malignant 
lymphoma, small lymphocytic (diffuse lymphocytic well- 
differentiated lymphoma in the Rappaport classification) is 
a low-grade malignancy, and some cases may be identical to 
CLL. Also included within this subclassification are the 
plasmacytoid lymphocytic subgroups with and without an 
IgM monoclonal gammopathy; some of these cases are 
similar to WaldenstrSm's macroglobulinemia (described 
below). Surface markers on these small lymphocytic cells 
include low-intensity SmIg, mouse erythrocyte receptors, 
C'3 and receptors for the Fc portion of IgG, and la, Bl, B2, 
B4, BAI, and other B cell antigens. These features are 
similar to CLL, and the cells also express the Tl/Leu-1 
pan-T antigen. 

Malignant lymphoma, diffuse small cleaved cell and 
diffuse mixed small and large cell. Malignant lymphoma, 
diffuse small cleaved cell (diffuse lymphocytic poorly differ- 
entiated lymphoma in the Rappaport classification) is an 
intermediate prognostic group. The cells are B lymphocytes 
that (similar to follicular lymphoma cells) usually display 
large amounts of monoclonal SmIg. Unlike follicular lym- 
phoma cells, however, they do not usually express CAL- 
LA.^" Similar to follicular lymphoma cells, they do not 
express the Tl/Leu-1 antigen as do cells from most small 
lymphocytic lymphomas and CLL. However, all these cell 
types have in common the expression of la, 84, Bl, 82, and 
other 8 cell antigens.^" 

The diffuse mixed small and large cell (diffuse mixed 
lymphocytic-histiocytic) lymphomas have not been exten- 
sively studied but are most likely predominantly B cell 
diseases. They are also considered an intermediate-grade 
prognostic group. 

Malignant lymphoma, diffuse large cell and large cell 
immunoblastic. In the working classification, the diffuse 
large cell lymphomas are considered within the intermediate 
prognostic group, whereas large cell immunoblastic lym- 
phoma is a high-grade malignancy. By the Rappaport classi- 
fication, both of these cell types would be described as 
histiocytic. This is clearly a misdesignation since 80% to 90% 
of cases represent clonal expansions of malignant 8 
cells. A high percentage of these cells express T9 and 
TIO antigens.'" Fifty-seven cases of diffuse large cell lym- 
phoma were recently studied and divided into the following 
subgroups: (a) 81, 84, and Smlg positive; B2 negative 
(50%); (b) 81, 84, Smlg, and 82 positive (30%); (c) Bl and 
84 positive; Smlg and 82 negative (10%); and (4) Bl and 
Smlg positive, and 82 negative (10%).'" These data suggest 
that most of these lymphomas represent the malignant 



